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16-Bit 10MSPS AS ADC 

Speed with Precision 



Featuring 86dB signal-to-noise ratio over a 5MHz signal bandwidth, the ADS1610 data 
converter provides state-of-the-art performance at 4x the speed of the nearest competition. 
This unmatched combination of speed and precision extends Tl's portfolio of high-speed 
delta-sigma converters for demanding measurements in communications, scientific 
instrumentation and test & measurement applications. 
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WHAT'S IMEXXT? 



Nexxim— the next state of the art in circuit sinnuiation— delivers unnnatched ievels of 
capacity, robustness, accuracy and speed for RF/Mixed-Signal IC and High-Performance 

Signal Integrity applications. 

Only Nexxim can address the increasingly complex, nonlinear and full-wave circuit 
behavior of RFCMOS,GaAs/SiGe RF ICs, Gigabit computer and communication backplane 
design. And combined with Ansoft Designer™, HFSS™ and Q3D Extractor™, Nexxim 
provides the most complete RF/AMS circuit design solution commercially available. 
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Introducing the new Spartan-BE family 



— tlie world's lowest-cost FPGAs 



Priced to go. 




The industiy's first 100,000'gate FPGA for only $2.00* 

Spartan-3E Platform FPGAs offer an amazing feature set for just $2.00! You get lOOK gates, embedded 
multipliers for high-performance/low-cost DSP, plenty of RAM, digital clock managers, 
and all the I/O support you need. All this in a production-proven 90nm FPGA with a 
density range up to 1.6 million gates. 




Easiest to use 
Software 



Perfect for digital consumer apps and much more! 

With the Spartan- 3E series, we've reduced the previous unit cost benchmark by over 
30%. Optimized for gate-centric designs, and offering the lowest cost per logic cell in 
the industry, Spartan-3E FPGAs make it easy to replace your ASIC with a more flexible, faster-to-market 
solution. Compare the value for yourself . . . and get going on your latest design! 



MAKE IT YOUR ASIC 



^XILINX* 

The Programmable Logic Company"^*^ 

For more information visit 
www.xilinx.com/spartan3e 




Pb-free devices 
available now 
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Pricing for 500K units, second half of 2006 
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^ On-chip JTAG 

debugging 



Complete Family of Mixed-Signal MCUs 

Silicon Laboratories' MCUs combine high-performance analog with the 
fastest 8-bit CPU (up to 100 MIPS) packaged as small as 3 x 3 mm. 
Programmable Flash and on-chip JTAG-based debug in each device 
provide complete design flexibility and superior system performance. 



Precision 
Mixed-Signal 


Precision performance for high resolution analog systems 




Low power and small footprint with superior performance 


General Purpose 


Ideal for a broad range of embedded control applications 


USB 


Integrated USB 2.0 function controller and on-chip transceiver 




Connectivity with integrated CAN 2.0 B controller 




Single-chip USB-to-UART bridge for RS-232 to USB 




Comprehensive 
Development Kits 
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• Serial Adapter 

• Target Board 

• All Cables 

• Power Supply 



For more information, visit www.silabs.com/MCU 
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A magic wand for everyone. 





Wave your magic wand and anything is possible? 
Actually, that's not far from the truth, because in the 
forthcoming ubiquitous networking society, everyone will 
possess a magic wand. It will soon be possible to access 
anything, anytime, anywhere, thanks to the magic of 
semiconductors in all kinds of products, including mobile 
phones, cars, ordinary electric appliances in homes and 



offices, and networks, ready to satisfy your every need. 
Sounds like magic, doesn't it? Well, it's just the ubiquitous 
networked society that Renesas Technology has envisioned. 
We are accelerating its realization by implementing 
semiconductor core-based, intelligent-chip solutions that will 
make products and services easily accessible at all times 
—as easy as waving a magic wand. 




RenesasTechnologyCorp. / www.renesas.com 



Everywhere you imagine. 



Data converters that simplify direct 
IF conversion architectures. 




Unequalled Performance 



Cut low-IF sampling parts and costs 



AD9445: 14-bit, 125 MSPS ADC 

• SFDR: 85 dBc @ 225 MHz input 

• SNR: 73.5 dB @ 225 MHz input 

• DC linearity: DNL ± 0.25 LSB, INL ± 0.8 LSB 

• ADC jitter: 60 fs 

• 14 mm X 14 mm, 100-lead TQFP 

AD9779: Dual, 16-bit, 1 GSRS DAC 

• ACLR: 83 dBc @ 80 MHz IF 

• SFDR: 78 dBc to four = 100 MHz 

• Low power: 980 mW @ 1 GSPS, 
600 mW @ 500 MSPS 

• 14 mm X 14 mm, 100-lead TQFP 



A critical factor for data converters in communications applications is good spurious 
performance at high signal frequencies. The AD9445 14-bit ADC, with up to 10 dBc 
higher SFDR at 225 MHz than its closest competitor, and the AD9779 dual, 16-bit 
TxDAC+f with the industry's highest ACLR at an amazing 1 GSPS, provide this 
superior performance. Both of these converters eliminate mixers, filters, amplifiers, 
and oscillators as well as offload the digital processor and maintain signal integrity. 
For optimum IF conversion, with fewer parts, try the data converters that deliver 
best-in-class performance for your design. For more information on the AD9445 
and AD9779, please visit our website. 
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A A Apple's dropping the 
X I /\ PowerPC and moving 

I I to x86. Microsoft's 
dropping x86 and moving to the 
PowerPC, joining Nintendo and 
Sony. Which company is right, or 
are they all right? And what's the 
best choice for yo/^rdesign? 

by Brian Dipert, 
Senior Technical Editor 




One design fits all 

I— With the latest FPGA 
technology and drop-in 
configuration com- 
ponents, one board design may 
suffice for hundreds of embedded- 
system applications. 
by Warren Webb, Technical Editor 



Thermal integrity: a must for 
low-power-IC digital design 

This year's Design Automation 
^ / Conference had no shortage of 
I established vendors and start- 
ups introducing power tools purporting to 
give digital-IC designers a better way to 
estimate power. 

by Michael Santarini, Senior Editor 
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instrumentation 
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Avoid common applica- 
\ \ V>) f ion problems when 
\J connecting real-world 
signals to instrumentation 
amplifiers, by Charles Kitchin and 
Lew Counts, Analog Devices 
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of cool computing 

r7 r7 Multiprocessor-chlp 
/ / designs head down 
I / a blind alley of power 
and heat problems. 

by Marc Trennblay PhD, 
Sun Microsystems 

Extensions to the I EEE 
1149.1 boundary-scan 
standard 

Despite the success 
>< ofthelEEE 1149.1 

I boundary-scan standard, 
acceptance of the 1 1 49.4 mixed- 
signal extension has been slow. 
The industry badly needs that ex- 
tension and others, however, and 
several companies are hard at work 
to put them on the fast track. 

by Pete Collins, 
JTAG Technologies 
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World's Lowest Power MCU 

You may know the MSP430 for its ultra-low power - but thousands of engineers 
are also using the MSP430's modern 16-bit RISC architecture and advanced 
peripherals to solve a variety of design challenges. See for yourself how useful the 
MSP430 can be in your next project. 



► Ultra-Low Power 

• 0.1 |jA ram retention 

• 0.8|jA standby 

• 250|jA/MIPS 

• Zero-power BOR 

• 1|js clock startup 

• 50nA pin leakage 



► High-Performance 

• 1k-128kB ISP Flash 

• 16-bit RISC CPU 

• 14-100 pin options 

• USART, I^C, Timers 

• 10-/1 2-/1 6-bit ADC 

• Op Annp, DAC, LCD Driver 



Register Today to Attend the MSP430 Advanced Technical 
Conference and Save $100 Visit: WWW.ti.COm/atcdiSCOUnt 



Do you want to learn how to maximize 
the performance of the 
World s Lowest Power MCU with 
a versatile set of peripherals and 
features like no other? Join the experts 
at the 2005 MSP430 Advanced 
Technical Conference (ATC). 

$595 conference cost includes: 

• Customizable schedule including 
courses and hands-on labs - 
BRAND NEW CONTENT! 

• Training on the Newest Devices 

• Meet MSP430 Experts and 
3rd Parties 

• Experimenter's Board 

• 2 Nights Lodging, All Meals and 
Evening Events 

Dallas, Texas - Nov 1-3 
Taipei, Taiwan - Nov 15 
Hangzhou, China - Nov 17 
Landshut, Germany - Dec 6-8 



Technology for Innovators'" Texas Instruments 
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Design Today, Prototype Tomorrow 

Superior Design Tools and Resources for the Analog Designer 



WEBENCH® Online Tools 

Get to market faster by 
accelerating your design process. 
WEBENCH® tools allow you to 
select products, design, and receive 
a custom prototype kit in 24 hours. 

webench.national.com 



Application Solutions 

^ Visualizing your entire design 
and getting a list of recommended 
parts are just a few clicks away. 
Over 100 interactive system block 
diagrams focus on: automotive, 
broadcast video, data communica- 
tions, displays, industrial, medical, 
personal/consumer electronics, 
and military applications. 

solutions.national.com 



_ 24/7 Online Seminars 

M& nr^ View 50 on-demand design 
focused seminars for power, 
amplifiers, audio, data acquisition, 
interface, and thermal management. 

www.national.com/onlineseminar 




Analog University® 
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audio, data conversion, thermal 
management, and wireless. 

analogU.national.com 
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Check out these online-exclusive articles: 
Editorial: When RFI overwhelms RKE 

As wireless systems and links become 
more pervasive, engineers must keep in 
mind that the transmission path they are 
counting on resides in a crowded swamp. 
www.edn.com/article/CA6252229 

Chipmaker introduces 2.5-Gbps 
GPON devices 

FTTH (fiber-to-the-home) silicon provider 
Passave today unveiled two chips that 
deliver 2.5 Gbps of downstream bandwidth 
and 1.25 Gbps of upstream speed for 
GPON (gigabit-passive-optical-networking) 
applications. 
www.edn.com/article/CA6250099 



Cable chip targets fixed-mobile 
convergence 

Texas Instruments previews a voice-over- 
cable chip that will be capable of process- 
ing cellular codecs, claiming the device will 
pave the way for phones that operate on 
either cellular or VOIP (voice-over-Internet- 
protocol) connections. 
www.edn.com/article/CA62501 60 

In-amp boosts resolution 

in patient-monitoring equipment 

A JFET-input instrumentation amplifier 
released by Analog Devices promises to 
help designers of medical patient-monitor- 
ing equipment increase channel density 
and enhance portability according to the 
company 
www.edn.com/article/CA62501 04 
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our flagship, EDA/ Online, which delivers 
all the latest articles each week, to nar- 
row, every-other-week titles that focus 
on specific topics, including power, 
embedded processing, EDA, and 
consumer electronics. See samples 
and subscribe: 
www.edn.com/newsletters 
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Related to . . . 

Bluetooth ramps slowly, then soars 

(pg 110): 

WiFi and Bluetooth fight for bandwidth 

Bluetooth and WLAN are on a collision 
course— not in the market, but in the air- 
waves. 

www.edn.com/article/CA62931 2 



EDM's 32nd MICROPROCESSOR/ 
MICROCONTROLLER DIRECTORY 

By Robert Cravotta, Technical Editor 
Details on more than 600 devices and 
cores. Find the perfect fit for your project. 
www.edn.com/microd i rectory 



Related to . 

Thermal integriiy: a must for low-power- 
IC digital design (pg 37): 
EDA startup targets IC thermal 
hot spots 

As chips become smaller and faster 
while running more circuitry on less 
power, the chance of heat adversely 
affecting power, performance, and 
overall lifecycle grow. 
www.edn.com/article/CA607747 

Related to . . . 

Implementing standards: Think global, 
act local? (pg 1 2): 
The standards process deserves a 
nonstandard global perspective 

It is increasingly evident that manufac- 
turers are using— some might say abus- 
ing—the standards process to advanta- 
geously position themselves in nascent 
markets. 

- www.edn.com/article/CA476915 
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BY BILL SCHWEBER, EXECUTIVE EDITOR 




Implementing standards: 
Think global, act local? 

It's no secret that RFID is having trouble getting the tangible design- 
in success that it was supposed to achieve. Despite enormous effort 
and pressure from companies such as Wal-Mart, the practical chal- 
lenges, costs, and unforeseen problems — especially when they com- 
bine hard -to -quantify benefits with excessively optimistic projections 
from pundits who should know better — are making large-scale RFID 
uptake a real struggle. 

A recent article in The Wall Street 
Journal gave a different perspective on 
RFID possibilities (Reference 1). The 
article details how a 94-member coop- 
erative of makers of Parmesan cheese in 
northern Italy successfully introduced 
RFID chips into their operation, 
which produces and handles several 
hundred thousand cheese wheels each 
year. Before you think this situation is 
trivial, look at the facts. The 30-kg 
(approximately 66-lb), tire-sized 
cheese wheels go through repeated 
aging cycles in climate-controlled 
warehouses for six to 36 months, and 
each wheel is repeatedly graded during 
the process, by color, tap-sounding tim- 
bre, and even X-rays. Cheese-wheel 
prices range from less than $200 for an 
average one to more than $350 for a 
top-grade one. Making Parmesan is not 
a casual hobby; despite first appear- 
ances, it is a serious business. 

The cheese makers in the area agreed 
to try embedding RFID chips into the 
cheese crust, because the previous 
method of branding the crust had short- 
comings. Among them, the branded 
number gradually faded as the cheese 
was handled, and the branding did 
nothing to prevent the serious problem 
of counterfeit cheese wheels entering 
the supply chain. With RFID, the 



The challenge for 
design engineers 
and their compa- 
nies is to know their 
technologies and 
markets and decide 
how critical large- 
scale standards 
are to success. 

cheese makers can uniquely track 
and update the status of each cheese 
wheel and assure buyers of the cheese's 
authenticity. 

Admittedly, this application is spe- 
cialized and unusual. But, in some ways, 
it represents a well-defined, tightly 
focused set of players with limited 
objectives. They are not trying to solve 
all of the problems of supply chains; 
they are just looking for an approach 
that works for them. The article states 
that the cooperative had invested 
less than $100,000 in the pilot 
program to test the system and 
about the same amount to fully 
implement it, plus 60 cents per 
RFID tag. With annual revenue 
of more than $380 million and 



RFID's reduction of tracking costs by 
about half, the cost-to-benefit ratio is 
favorable. 

This application highlights the 
severely contradictory emotions our 
industry has about standards. On one 
side, they define a framework for func- 
tions and interoperability that some 
applications must have to succeed; a 
cell phone or DVD that doesn't meet 
a standard is useless. On the other side, 
standards can be excessively con- 
straining or overwhelming; sometimes, 
they require substantial investment for 
completion of major infrastructure ele- 
ments to succeed, all following those 
innumerable standards-committee 
meetings and votes. 

The challenge for design engineers 
and their companies is to know their 
technologies and markets and decide 
how critical large-scale standards are to 
success. Is it better to use basic, avail- 
able technology to solve a problem, 
albeit with an approach that may not 
have broader applicability? Or, should 
you wait for the broader standards to 
firm up? As usual, no one knows, and 
either way is a gamble. But matching 
the technical approach with the scope 
and timing of the problem is almost 
always a good idea.EDW 



REFERENCE 

n Kahn, Gabriel, "Who Made My 
Cheese? Tags Track Parmesan's Age, 
Origin," The Wall Street journal^ July 7, 
2005, pgBl. 

Contact me at hschweher@edn.com. 
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LEADING IjpSlde 

A series of engineering insiglits 
by Analog Devices. 

Specifying A/D Converters: 
Considerations for IF-Sampling Applications 



Choosing the ADC with the highest resolution or sannpling speed 
is often not enough to satisfy the perfornnance dennands present- 
ed by IF-sannpling architectures. ADCs for IF-sannpling applications 
must support high input frequencies while also nnaintaining 
adequate SNR, SFDR, and SINAD perfornnance. These features 
enable designers to elinninate one or nnore nnixing stages and 
sinnplify filtering, thereby reducing cost and helping to nneet end- 
systenn objectives. 

Wideband signals having connplex nnodulation— such as those 
used in nnany wireless connnnunications, instrunnentation, and 
radar systenns— can exhibit tinne-varying bursts and transients. 
Furthernnore, the data carried by these signals is often spread over 
nnultiple channels. 

The ADC for these types of architectures nnust have sufficient input 
bandwidth to adequately capture and digitize this data. The ADC's 
dynannic range nnust also be high enough to detect snnall signals in 
the presence of blockers or other large signals in the bandwidth 
of interest. 

Dynamic Range and Noise Requirements 

In wideband CDMA systenns having a base data rate of 
3.84 MHz, data converter clock rates of 16x, 20x, 24x, and 
32x are viable. A data converter running at 92.16 MSPS 
provides good noise perfornnance, and 16-bit ADCs that sannple at 
100 MSPS are available today. If lower sannpling rates are used, 
the SNR required increases by 1 dB for 76.8 MSPS and 2 dB 
for 61 .44 MSPS. 



SUPERIOR ADC DYNAMIC RANGE ENABLES IF-SAMPLING 





















1. 





6.563 13.13 19.69 26.25 32.81 39.38 45.94 52.5 

FREQUENCY (MHz) 

32k point singie-tone FFT/ADC: 105 MSPS, 70.3 MHzAn 



The receiver conversion gain and noise figure (NF) sets the ADC's 
required SNR. At the antenna, the noise spectral density is 
-174 dBnn/Hz, or that of thernnal noise. For a conversion gain 
of 40 dB and a noise figure of 3 dB, the noise spectral density 
(NSD) at the ADC input will be -1 31 dBm/Hz (-1 74 + 40 + 3). If the 
ADC noise floor is 10 dB below that of the front end noise, it will 
contribute about 0.1 dB to the overall NF of the receiver. Therefore, 
a maximum ADC noise floor of -141 dBm/Hz is desirable. 

For IF-sampling applications, the total noise of the ADC can be 
determined by simple integration. For example, a 10 MHz band- 
width signal would have total noise of -71 dBm. This is 
calculated by adding the effect of the 10 MHz bandwidth [10 log 
(10 MHz) = 70 dB] to the 1 Hz noise floor of -141 dBm. If the 
full scale range of the ADC is 4 dBm, the required minimum 
full-scale SNR for the ADC is then 75 dB. 

Selecting ttie Optimum A/D Converter 

What types of ADCs meet the needs of IF-sampling architectures? 
Typically, they require ADCs with 14 bits to 16 bits of resolution 
that deliver superior SNR at high input frequencies. Advances 
in high speed ADC technology offer improved SNR, low additive 
jitter, higher sampling rates, and increased input frequency 
capability. These features enable engineers to design more 
efficient base stations, radar, and measurement equipment. 

Additionally, the instrumentation used to validate communications 
systems must meet even tighter specifications, so as not 
to mask or distort the end-product's actual performance. 
These systems allow designers to accurately characterize 
signals of interest with minimum added distortion from the 
data converter. The AD9446 16-bit, 100 MSPS ADC from 
Analog Devices is an example of wideband converter technology 
that is targeted for IF-sampling applications in communications 
instrumentation. With a 70 MHz analog input and 100 MSPS 
sampling rate, the AD9446 provides a spurious-free dynamic 
range of 83 dB; it provides 82 dB of SFDR with a 100 MHz 
analog input. For more information on the AD9446 and other 
data converters for IF-sampling applications, please visit 
www.analog.com/PerformanceADCs. □ 



Autiior Profiie: Joanne Mistier is a marl<eting 
engineer witti Anaiog Devices' Higti Speed 
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ore than 20,000 engineers use Agilent EEsof EDA 
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There's truth in numbers. Agilent EEsof EDA is the top choice 
among engineers for RF design software for most of the 
world's wireless devices. 

The fact is derived from the product's undisputed breadth 
of functionality. Agilent EEsof EDA was created for RF 
engineers by RF engineers. It includes the capabilities you 
need the most and offers a depth of features other products 
can't touch. Agilent's team of EDA experts releases multiple 
improvement updates each year. And Agilent has the largest 
number of technology partners, application examples, and 
technical articles in the industry. 



www.agilent.com/find/eesof-innovations 



Work the proof yourself. Agilent EEsof EDA can be customized 
to fit the precise needs of your projects and budget. Visit 
www.agilent.com/find/eesof-innovations to find out more. 



© Agilent Technologies, Inc. 2005 
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LPC2000 Family 



Part 
Number 


Memory 


Timers/ 
PWM 


Serial Interfaces 


AID 
(lOb) 


D/C 
(lOb) 


I/O 


Inter- 
rupts 


F 

max 


Temp. 
Range 


Package 




Flash 


RAM 


#of 
Timers 


Ch. 


UART 


PC 


SPI 


CAN 


#of 
ch. 


#of 
ch. 


Pins 


(Ext.) 


(Mhz) 






LPC2 1 04 


I28K 


I6K 


4* 


6 


2 


1 1 


- 






32 


16(3)/ 16 


60 


0° to +70° 


LQFP48 


LPC2I05 


128k 


32K 


4* 


6 


2 


1 1 


- 


- 
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32 


16(3)/ 16 


60 


0° to +70° 


LQFP48 


LPC2 1 06 
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64K 
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1 1 


- 


- 
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32 


16(3)/ 16 


60 


0° to +70° 
-40° to +85° 


LQFP48 


LPC2I 14 


I28K 
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4* 


6 


2 


1 2 


- 


4/10 


- 


46 


19(4)/ 16 


60 


-40° to +85° 


LQFP64 
HVQFN64 
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1 2 
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19(4)/ 16 


60 


-40° to +85° 


HVQFN64 
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^Includes Watchdog Timer and Real-Time Clock 
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Big performance. Small package. 







16/32-Bit Flash Microcontrollers. The Philips LPC2000 family of 16/32-bit 
ARM7TDMI-S™ Flash microcontrollers can help you with your application 
challenges by providing you with: 

The industry's highest-performance embedded Flash memory 

- Up to 5 I 2KB of on-chip Flash 

- 60 MHz code execution from either Flash or RAM, no dynamic loading necessary 

- JTAG in-system programming and in-application programming via serial ports 
Ultra-low power operation up to 60 MHz 

- 1.8V process technology offers leading-edge I mW/MHz operating power 
Miniature 64-pin packages 

See for yourself with a free sample. 

Visit www.philips.com/LPC2000 or call 1-800-447-1500, ext. 2818. 
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Featured Products 

World's First Four-Channel LVDS Buffer with 
Configurable Pre-emphasis 

The DS90LV004 
extends cable and 
backplane driving dis- 
tances, boosts weak 
FPGA and ASIC LVDS 
signals, improves 
signal quality over 
lossy interconnects, 
and has 15 kV ESD protection from off board ESD strikes. 

This device is a four channel LVDS buffer and repeater that 
operates up to 1.5 Gbps over the entire supply voltage and 
temperature operating range. High-speed data paths and 
flow-through pin out minimize internal device jitter and simplify 
board layout. In addition, the configurable pre-emphasis feature 
overcomes ISI jitter effects from lossy backplanes and cables. 

The differential inputs accept LVDS and Bus LVDS signals such as 
those on National's 10-, 16-, and 18- bit Bus LVDS SerDes, as well as 
CML and LVPECL. The differential inputs are internally terminated 
with a 100Q resistor to improve performance and minimize board 
space. The repeater function is especially useful for boosting 
signals for longer distance transmission over lossy cables and 
backplanes. 

Features 

■ 1.5 Gbps data rate per channel 

■ Configurable pre-emphasis drives lossy backplanes and cables 

■ LVDS/CML/LVPECL compatible input, LVDS output 

■ On-chip 100^ input termination 

■ 15 kV ESD protection 

■ Single 3.3V supply 

■ Industrial -40 to +85°C temperature range 

■ See SCAN90004 for JTAG-enabled version 

The DS90LV004 is ideal for buffering LVDS signals in office imaging 
systems, video systems, medical imaging, telecom, datacom, 
industrial, and automotive applications. The DS90LV004 is available 
in TQFP-48 packaging. 

www.national.com/pf/DS/DS90LV004.htiiil 




DESIGN idea: Enabling HDTV Capabilities 



Industry's First High-Definition Video (YPePf^) 
to RGBHV (VGA) Video Decoder IC 

The LMH1251 is a YPbPr to RGBHV decoder with an integrated 
wideband 2:1 analog video switch. The device accepts one set of 
YPgPpi inputs and one set of RGB/HSync/VSync inputs. Based on 
the input selected, the output will be either a decoded TV or 
buffered PC video signal. The LMH1251 is capable of driving 
and/or processing 480i, 480p, 1080i, 1080p, XGA, SXGA, and 
UXGA video formats, which makes it an ideal solution for enhanc- 
ing value in applications ranging from LCD monitors and set-top 
boxes to professional video equipment. Format conversion is 
done in the analog domain to preserve signal integrity and 
maintain picture clarity. 

Features 

■ YPgPp to RGBHV conversion within 1 % accuracy 

■ YPbPr path: 70 MHz -3 dB Bandwidth 

■ RGB path: 400 MHz -3 dB Bandwidth 

■ Supports PC video display resolutions up to UXGA 
(1600 x 1200 ® 75 Hz) 

■ Sync separator and processor 

■ Smart video format detection for 480i, 480p, 720p, 10801, 
and 1080p 

■ Power save mode 

■ Integrated 2:1 mux 



■Ik ^vC^ 



The LMH1251 is ideal for use in TFT LCD monitors, set-top boxes, 
and projectors, video format conversion systems, video editing 
and broadcast equipment. The LMH1251 is available in a 
TSSOP-24 package. 

www.national.coni/pf/LM/LIVIH1251.html 
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Enabling HDTV Capabilities in Today's Systems 



High Definition TV (HDTV) is 
now more prolific than ever. 
With a tremendously distin- 
guishable difference in picture quality 
from traditional NTSC video, there is 
good reason why HDTV has been 
receiving high acclaim from videophiles 
as well as lay consumers. Today, the adop- 
tion of HDTV by the broadcast industry 
is on the incline as the percentage of 
worldwide TV service operators 
rapidly increases the offering of HD 
programming. Even video game console 
makers have joined the High Definition 
Video movement in recent years. 

Now, taking a closer look at HDTV in 
terms of scanning format and active 
video lines per frame, "720p" and 
"1080i" are both designated as HD. 
720p has 720 active lines per frame 
which are scanned progressively and 
1080i has 1080 active lines per frame 
which are scanned in the interlaced 
mode. Another format, called Enhanced 
Definition (EDTV) or SDTV, is an 
alternative to HD. EDTV is not true 
High Definition per se, but an alternative 
video format under the 480p standard. 
EDTV is quite arguably the next best 



thing to HDTV and offers the standard 
480 active video lines; however, the 
scanning format is progressive. This 
makes for a significant step forward in 
image quality. 

In order to utilize the advantages of 
EDTV and HDTV, a few things are 
necessary: 

• Video transmission via the YP^Pr 
component standard: composite video 
cabling is only appropriate for NTSC 
video, and although S-video may be 
sufficiently acceptable for EDTV, 
HDTV should strictly use YPbPr 
components. 

• A video source that is capable of 
outputting such signals: for example, 
only a Progressive Scan DVD player is 
able to provide video in the 480p 
format, which in fact is the native 
resolution of DVDs. 

• A television or display monitor that is 
capable of handling such signals as 
inputs: most of the standard analog TVs 
do not have the line rate capability to 
display any format beyond 480 
Interlaced. A progressive scan TV set 
such as an EDTV or HDTV is thus 
required. 

Figure 1: System Block Diagram 



Due to these requirements, EDTV and 
HDTV sets are clearly more expensive 
than the common interlaced TV. 
However, if the timing capabilities of the 
display monitor are the impediment, 
there is an alternative for viewers to still 
enjoy progressive scan or HD video 
content. Computer graphics displays 
such as LCD and CRT monitors are 
certainly capable of handling the timing 
requirements of such signals. PC 
monitors are essentially HD display sets, 
though there is one caveat - they employ 
the RGBHV video standard rather than 
the YP^Pr video standard. 

In the YPgpR color space, color informa- 
tion is determined by two separate 
chrominance signals (Pg and Pr), which 
are also a function of a third signal, the 
luminance signal. Horizontal and 
Vertical Sync are then compositely 
embedded onto this luminance signal. 
In the computer graphics video color 
space, color is defined by primary Red, 
Green, and Blue components, and 
Horizontal and Vertical Syncs are 
separated into two individual signals. 
The components of the YPgpR and 
RGB color spaces are related by a 
matrix algebraic relationship, with the 
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coefficients of the matrices varying from 
format to format, i.e. SDTV, HDTV, 
etc. Thus, the components of the YPgP^ 
can be decoded into RGB accordingly. 
Such processing along with sync separa- 
tion will effectively provide a complete 
YPbPr to RGBHV conversion which 
enables progressive scan DVDs, HD 
video, or video game consoles to directly 
drive PC display monitors. 

Although there are quite a few 
ways to convert YPrPr to RGBHV, key 
considerations for implementation are 
cost, color space decoding precision, sync 
processing performance, and minimal 
impact to system architecture. 
The two solutions on the market today 
are a discrete design or integration into a 
very high-priced digital video processor. 
Both of these solutions compromise 
color decoding quality and system cost 
effectiveness. Carrying out the conversion 
discretely is cumbersome, requiring a 
number of devices and board space. 
Depending on the desired color accuracy, 
the discrete design can pose an additional 
challenge for design engineers. On the 
other hand, highly integrated digital video 
processors that may include the YPgP^ to 
RGBHV conversion are bundled with an 
excess of functions and features which 
makes them very cost ineflScient. Ideally, a 
single monolithic IC that would increase 
quality and reduce cost over these existing 
YPbPr to RGBHV solutions is desired. 
Further, this single-chip solution should 
be a direct drop into the signal path, 
easing system design and accelerating 
time-to-market. A simple block diagram 
of a possible system architecture is 
shown in Figure 1. 

Featuring this type of conversion 
capability at the analog front end of PC 
monitors can be an excellent way to add 
total system value, as supporting YP^Pr 
component inputs ultimately results in 
an "HD Ready" display set. Moreover, 
this addition aligns well with the 
ongoing trend of integrating multimedia 



functionality to desktop PCs and displays, 
and could quite possibly provide a second 
wind for CRT monitors. 

National Semiconductor's LMH1251 
offers an effective monolithic solution 
for analog YP^Pr to RGBHV conversion 
with superior performance and video 
quality. 

It provides a high performance video 
multiplexer, which accepts either PC 
graphics video (RGBHV) or SD/HD 
video (YP^Pr). This integration of a high 
bandwidth video switch with a color 
space dematrixer and sync processor 
lends itself well for display system 
architectures, which provides the end 
user with instant flexibility for viewing 
HDTV content or PC graphics video at 
their desktop or projector screen. 
A simplified block diagram of the 
LMHI25I is shown in Figure 2. 

The high precision analog color decoding 
within the LMH1251 is carried out in 
full compliance with the linear equations 
specified in the EIA/CEA-770.2-C 
standard for analog component SDTV 
and the EIA/CEA-770.3-C for analog 
cornponent HDTV. The highly 
advanced integrated sync processor is 

Figure 2: Simplified LMH1251 Block Diagram 
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also compatible with the horizontal and 
vertical timing specifications of these 
standards. Furthermore, it is fully com- 
patible with Macrovision Corporation's 
copyright protective sync scheme that is 
embedded on many DVD movie titles. 

A key feature of the LMH1251 device is 
its capability to automatically detect the 
incoming component video format. 
Based on this detection of whether the 
input is SDTV (480i/480p) or HDTV 
(720p/ 10801), it will then make the 
decision to apply the appropriate color 
decoding equation and sync processing 
scheme. It also provides a status output, 
specifying the format information, 
which can be useful to the system MCU. 
A power save mode feature is included as 
well, significantly reducing the chips 
power consumption during energy save 
modes, which are common in display 
systems. 

To support high-end PC graphics video 
input sources as well, the LMH1251 
includes a wideband, unity gain RGB 
video path. With the heightening of PC 
desktop resolutions that are commonly 
in use today, the LMH1251 is designed 
to easily handle modes of up to UXGA 
(1600x1200), making it ideal for a broad 
range of display monitors. ■ 
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Featured Products 



Wideband Video Op Amps; 

Single, Single with Shutdown, and Quad 




The LMH671 4/20/22 series combine National's ViPIO™ high 
speed complementary bipolar process with National's current 
feedback topology to produce a very high-speed op amp. These 
devices offer exceptional performance with a flat gain response 
of 0.1 dB to 12OMH2, a 70 mA continuous output current, and 
0.01 % and 0.01 ° differential gain and phase errors for NTSC and 
PAL video signals. These devices have excellent distortion and 
bandwidth specifications with low power consumption. 

Features 

■ 400 MHz (Av = +2V/V, Vquj = 500 mVpp) -3 dB BW 

■ 250 MHz (Av = +2V/V, Vquj = 2 Vpp) -3 dB BW 

■ Low power; 5.6 mA/channel 

■ -70 HD2/-85 HD3 at 5 MHz, 2 Vpp 

■ 1800 V/ps slew rate 

■ Unity gain stable 

■ Shutdown (LMH6720) 

■ Low shutdown current: 500 pA (LMH6720) 

The LMH671 4/20/22 series is ideal for various high-speed appli- 
cations including video distribution and switching, professional 
video systems, and wideband active filters. The LMH6714 is 
available in a SOIC-8 and S0T23-5 package. The LMH6720 is 
available in a SOIC-8 and S0T23-6 package. The LMH6722 is 
available in an SOIC-14 package. 

www.national.coin/pf/LM/LIVIH6714.httiil 
www.national.com/pf/LM/LMH6720.html 
www.nationaLcom/pf/LM/LMH6722.html 



Single/Dual, High-Performance, Low-Power, 
8-Bit 1.5 GSPS (3 GSPS DES mode) A/D Converter 

The ADC08D1500 is the industry's lowest power, best performing, 
dual 8-bit 1.5 GSPS analog-to-digital converter. It digitizes two 
signals to 8-bit resolution at sampling rates up to 1 .7 GSPS or one 
signal at sampling rates up to 3.4 GSPS. Consuming a typical 
1.85\A/ at 3 GSPS from a single 1.9V supply, this device is guar- 
anteed to have no missing codes over the full operating 
temperature range. The ADC081500 is the single converter 
conversion of the ADC08D1500. 

The unique folding and interpolating architecture, fully differential 
comparator design, innovative design of the internal sample-and- 
hold amplifier, and the self-calibration scheme enable a very flat 
response of all dynamic parameters beyond Nyquist. 




Features 

■ 7.3 Effective number of bits (ENOB) at Nyquist, 1 .5 GSPS (typ.) 

■ Bit error rate lO ^Mtyp.) 

■ Interleave mode on the ADC08D1500 for up to 3.4 GSPS 
sampling 

■ Choice of SDR or DDR output clocking 

■ Multiple ADC synchronization capability 

■ Serial interface for extended control 

■ Fine adjustment of input full-scale range and offset 

■ Single +1.9V (±0.1 V) operation 

■ ADC08D1 500 Consumes only 1 .85W while running at 
3 GSPS 

■ ADC081500 Consumes only 1.2W while running at 
1.5 GSPS 

The ADC08D1 500 and the ADC081 500 are well suited for a variety 
of applications including direct RF down conversion, digital oscillo- 
scopes, satellite set-top boxes, communications systems, and test 
instrumentation. These converters operate over the Industrial 
(-40°C < TA <+85°C) temperature range and are available in a 
LQFP-128 package. 

www.national.com/pf/OC/ADC081500.html 
www.national.com/pf/DC/ADC08D1500.html 
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INNOVATIONS & INNOVATORS 



Digital imaging makes wafer probing 
more fun viewing than satellite TV 

Targeting use in process-development 
device-characterization applications, 
the eVue digital-imaging system from 
Cascade Microtech offers improved viewing, 
navigation, and user-friendly features. The 
system stores images and lets users see 
close-up details along with images from oth- 
er parts of a wafer or different zoom levels 
on the same wafer. Thus, users can see the 
extended-view "big picture" while they probe. 
The system automatically optimizes probe- 
positioning accuracy measuring-tape func- 
tions, and focus. 

The eVue Pro software package adds mul- 
tilevel profile maps and recalls previous data 
and images for immediate comparison, 
among other features. The heart of the sys- 
tem, a multi-CCD, wide-field, high-magnifi- 
cation microscope, has both high-definition digital video and three optical paths for multiple-per- 
spective viewing. Prices for the basic eVue system start at $1 8,999, and the Pro Package sells 
for $33,999.-by Bill Schweber 
oCascade Microtech Inc, www.cascademicrotech.com. 



on resistor is bridge over troublesome pc-board tracks 




The eVue digital-imaging system for evaluation- 
wafer probing adds features that simplify setup, 
navigation, probing, and data correction. 



A on crossover jumper may 
seem like a component solution 
looking for a problem, but it can 
solve tricky pc-board-layout prob- 
lems. One such jumper, the LRZ 
series from the IRC Advanced 
Film Division of TT Electronics, 
has resistance of less than 
O.OOSn and inductance of less 
than 0.2 nH. It targets use in high- 
current applications, such as pow- 
er supplies, and can handle maxi- 
mum currents of 20, 30, or 35A, 
depending on size. According to 




Use the Oil LRZ 
series of crossover 
jumpers for high-cur- 
rent flyovers, bypass- 
ing interfering 
pc-board tracks. 



Steve Wade, I RC director of sales 
and marketing, this value is five 
times the current rating of com- 
petitive units on the market. 
These jumpers are available in 
conventional 60/40 tin/lead-sol- 
der plating or ROHS (reduction- 
of-hazardous-substances)-com- 
pliant versions. Their operating 
temperature is —65 to +150°C; 
prices start at 23 cents (1 000). 

-by Bill Schweber 
>TT Electronics, IRC Advanced 
Film Division, www.irctt.com. 



EPIC computer 
handles shock, 
vibration, and 
temperature 

Octagon Systems recently an- 
nounced the XE-700 single- 
board computer in the new EPIC 
(embedded-platform-for-industri- 
al-computing) form factor. The 
XE-700 incorporates the 133- 
MHz STPC Atlas 5x86-class 
CPU and targets high-reliability 
transportation, security military, 
and communications applica- 
tions. Users can boot the module 
from CompactFlash, and it can 
operate at a reduced clock rate 
for lower power operation. It fea- 
tures a 10/100BaseT Ethernet, 
two USB ports, four RS-232/ 
422/485 serial ports, 24 lines of 
digital I/O, a video interface, and 
PC/1 04 expansion. 

The XE-700 withstands 40g 
shock and 5g vibration and oper- 
ates in the -40 to +85°C tem- 
perature range. Operating-sys- 
tem start-up kits are available for 
Linux 2.6, ONX, and DOS to en- 
able "instant-on" operation of the 
XE-700. The single-unit price is 
$495, and volume discounts are 
available.— by Warren Webb 

Octagon Systems, 
w ww.octag o n sy ste ms.com. 



Based on the new EPIC form 
factor, Octagon Systems' 
rugged XE-700 single-board 
computer operates in the 
-40 to +85°C tempera- 
ture range. 
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Actuator uses 
shape-memory 
alloy to provide 
design benefits 

In contrast to conven- 
tional electromagnetic, 
coil-based motors and 
solenoids, the DM-01 ac- 
tuator from MIGA Motor 
Co uses a shape-memo- 
ry alloy for its prime 
mover. Suitable for ap- 
plications such as latch- 
release mechanisms, 
vane positioning, robotic 
motion, and others, the 
silent unit employs an 
array of nickel-titanium 
wires that contract when 
heated. Actuation time 
depends on applied in- 
put power and is on the 
order of 25 msec, de- 
pending on various cur- 
rent and load factors. 

The device has a 0.5- 
in. (12.7-mm) stoke and 
three available output 
forces of 9 to 20N, de- 
pending on model. The 
0.7-oz (20g) unit meas- 
ures about 3X0.7X0.3 in. 
(76X18X7.5 mm). Cur- 
rent requirements vary 
with unit force and ap- 
plied voltage, ranging 
from 9V at 1 .2A to 28V at 
9.3A. The DM-01 sells for 
less than $50 (25). 

-by Bill Schweber 

MIGA Motor Co, 
www.migamotors.com. 
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Processor enables integration 
of high-end control- and data- 
plane processing 

avium Networks' Oc- performance, on-chip memory 



I teon Exp multicore 
\^ M I PS64-based pro- 
cessor family enables design- 
ers to merge control- and 
data-plane processing at mul- 
tigigabit/sec rates for enter- 
prise- and storage-networking 
equipment in one device con- 
suming fewer than SOW The 
Octeon Exp offers as many as 
1 6 dual-issue, memory-coher- 
ent, MIPS64 Release 2-based 
cores operating at 600 MHz. 
The processor architecture in- 
cludes additional instructions 
for packet acceleration, and it 
incorporates a 32-kbyte in- 
struction cache, an 8-kbyte 
data cache, a 32-entry TLB 
(translation-look-aside buffer), 
and a 2-kbyte write-back buff- 
er. The Octeon Exp supports 
four to eight RGMII (reduced- 
gigabit media-independent-in- 
terface) ports or dual SPI-4.2 
interfaces, along with a 64-bit, 
1 33-M Hz PCI-X host/slave in- 
terface that can act as both 
data and control interfaces. 

To support the throughput 
requirements for high-per- 
formance networking, the 
Octeon Exp integrates dedi- 
cated packet processors for 
layers 2, 3, and 4 parsing, er- 
ror checking, tagging, and 
memory allocation. The Oc- 
teon Exp also includes a high- 



controller that supports 1 44- 
bit-wide, ECC-protected DDR 
II DRAM that operates at an 
800-Mbps data rate with ca- 
pacity as large as 16 Gbytes. 
Two additional integrated mem- 
ory interfaces support 18-bit- 
wide, low-latency RLDRAM 
(reduced-latency DRAM) 2 
and FCRAM (fast-cycle RAM) 
2 with low-latency access and 
a capacity of 1 Gbyte. De- 
signers can use the two mem- 
ory interfaces to connect 
TCAMs (ternary-content-ad- 
dressable memories) for off- 
loading look-ups to an external 
hardware device. For higher 
layer data-plane processing, 
Octeon includes dedicated 
hardware for TCP acceleration 
and flow management to scale 



performance across multiple 
cores. 

The software-programming 
environment is compatible 
with C/C++ for MIPS64 
and MIPS32 architectures, 
and it supports the Linux op- 
erating system. The Octeon 
Exp family comprises five de- 
vices that are available world- 
wide without any security-re- 
lated export-control restric- 
tions. The CN38xx family of- 
fers four, eight, 12, or 16 
MIPS64-based cores in a 
footprint-compatible package. 
Production prices for the 
CN38xx family range from 
$350 to $650 (10,000). 
These devices are available 
for sampling with software- 
development support that in- 
cludes a simulator and refer- 
ence applications. 

-by Robert Cravotta 

Cavium Networks, www. 
caviumnetworks.com. 



m FEEDBACK LOOP 

"WHILST (THE SEGWAY) IS UNDOUBT- 
EDLY A REALLY COOL PIECE OF TECH- 
NOLOGY, I ALREADY HAVE A VEHICLE 
THAT IS CHEAPER, HAS A GREATER 
MAX SPEED, NEEDS NO ELECTRICITY 
(IS FUELLED BY CAKE), AND IS LEGAL 
ON THE ROAD." 

AB Morley, in EDNs Feedback Loop at www.edn.com/article/ 
CA624968. Add your comments. 



DILBERT By Scoff /\cyaA77s 



I HAVE TO CUT YOUR 
PROJECT'5 BUDGET BY 
TEN PERCENT, 



TEN 

PERCENT? ? 




THAT'S THE SORT 
OF ROUND NUrABER 
YOU UJOULD PICK 
IF YOU DID NO 
THINKING UHAT- 
50EVER. 




ANYTHING CAN BE 
CUT BY TEN PERCENT 
WITHOUT AFFECTING 
THE RESULT. 



COOL! m 
CUTTING BACK 
TO 36 HOURS 
PER UEEK! 
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I The DM-01 uses thermally 
actuated shape-memory al- 
loys to provide motion in a 
silent, lightweight package. 
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PC/104 Modules: 
Stackable, 
Small, and 
Rugged 



Begin your next design with 
WinSystems' PC/104 and 
PC/104-P/i/s modules. These 
compact, 90mm x 96mm 
(3.6'' X 3.8'') modules are easy- 
to-use and ideal for space- 
sensitive applications. 

WinSystems' products include: 

► Single Board Computers 

• Intel Pentium 

• AMD 520 

► Input/Output (I/O) 

• Analog 

• Digital 

• Serial 

• GPS 

• USB 2.0 

► Communications 

• Networking 

• GSM Cellular 

• 802.11 Wireless 

• 10/100/lOOOMbps Ethernet 

• Modem 

► Enclosures 

► Long-life product availability 

► -40°C to +85°C operation 

► Quick Start SBC Developers kits for 
Windows® XP, CE, and Linux 

You'll find our PC /1 04 modules stack-up as 
the perfect fit for industrial, communication, 
transportation, medical, instrumentation, 
and MIL /COTS applications. 




Call 817-274-7553 or 

Visit www.winsystems.com 

Ask about our 30-day 
product evaluation! 



WinSystems^ 




715 Stadium Drive • Arlington, Texas 76011 
Phone 817-274-7553 • FAX 817-548-1358 
E-mail: info@winsystems.com 
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Diverse books span 
wireless-system security, 
circuit-test sources 



Reading a well-organ- 
ized book that has 
structure, depth, and 
breadth is often the most effi- 
cient way to learn about a top- 
ic or reference a complex sub- 
ject. One such publication. 
Bulletproof Wireless Security: 
GSM, UMTS, 802. 1 1, and Ad 
Hoc Security by Praphul Chan- 
dra, is an excellent introduction 
to a complex subject. Targeting 
design engineers, this read- 
able, 236-pg book (Newnes/ 
Elsevier, ISBN 0-7506-7746- 
5) carefully explains the prob- 
lems of security in various di- 



Even if you 
I are more 
likely to buy 
than build 
your own, the 
book explains 
what you need 
to look for. 

mensions and begins to ad- 
dress what designers can or 
should do to enhance security 
It examines wireless crypto- 
graphic protocols, types of at- 



tacks, weaknesses that attacks 
exploit and how to defend 
against them, multi layered-se- 
curity design and protocols, vul- 
nerabilities, and the role of 
modulation techniques in se- 
curity It uses just enough the- 
ory to prepare readers but fo- 
cuses on practical issues and 
implementations more than 
the often-challenging math 
behind message encoding and 
decoding for secure links. 

Addressing a far different as- 
pect of the engineering-design 
spectrum. Current Sources & 
Voltage References by Linden 
T Harrison thoroughly exam- 
ines this small but critical area 
of circuit and IC design. The 
comprehensive book (Newnes/ 
Elsevier, ISBN-0-7506-7752- 



X) covers the semiconductor 
physics, suitable active and 
passive components and their 
characteristics, and the cir- 
cuits that designers build with 
them. The book dissects and 
models the various types of 
FETs, bipolar transistors, and 
diodes that these circuit func- 
tions use and analyzes the re- 
sultant performance. These 
examples use actual devices 
and model numbers when ap- 
propriate. Even if you are more 
likely to buy than build your 
own, the book explains what 
you need to look for when de- 
termining the best source or 
reference for your application, 
-by Bill Schweber 
Newnes/ Elsevier, www. 
newnespress.com. 



Clock-circuit-design tool 
recovers engineering time 



Analog Devices recently 
unveiled three clock ICs 
and a simulation tool 
that aims to accelerate the de- 
sign and analysis of clock cir- 
cuits for various applications, 
including wireless transceivers, 
broadband-infrastructure equip- 
ment, general instrumentation, 
and automated test equipment. 
The ADIsimCLK tool includes 
tutorials, design wizards, refer- 
ence designs, a VCO (voltage- 
control led -oscillate r)/VXO 
(variable-crystal-oscillator) li- 
brary, PLL design, loop-filter 
design, and models. 

The tool lets engineers 
quickly design robust and ac- 
curate timing circuits. "This 
tool allows designers to make 
design decisions at worksta- 
tions without hooking up eval- 
uation boards and relying on 
lengthy data sheets," says 
Scott Behrhorst, product-mar- 
keting manager. 



1 



ADIsimCLK addresses sev- 
eral common facets of clock- 
circuit design, such as speed, 
edge skew, jitter, and phase 
noise, as well as less obvious 
factors, such as external oscil- 
lators, slew rate, channel isola- 
tion, and RF interference. 
Analog Devices claims that 
the tool is the first that can 
simulate less-than-1 -psec jit- 
ter and — 1 50-dBc/Hz phase 
noise. "It lets you predict 
whether the clock you are us- 
ing is efficient enough to pro- 
vide the performance you 
need," he says. "And it offers 
comparison interfaces be- 
tween one clock chip and an- 
other through differential LV- 
PECL [low-voltage positive- 
emitter-coupled logic] for 
chip-to-chip signaling, which 
provides indications of what is 
and is not performing well." 

The AD9513, AD9514, and 
AD951 5 clock ICs join devices 



that the company initially rolled 
out in December 2004. The 
new ICs are pin-programmable 
and offer high integration in 
small packages, thereby reduc- 
ing the need for multiple dis- 
crete components, saving 
board space and significantly 
reducing bill-of-materials costs, 
according to the company 

The AD9514 and AD9515 
support output-clock rates as 
high as 1.6 GHz, and the AD- 
9513 supports 800 MHz. The 
AD9513 has three LVDS/ 
CMOS outputs, the AD9514 
has two LVPECL outputs and 
one LVDS/CMOS output, and 
the AD9515has one LVPECL 
output and one LVDS/CMOS 



output. The ICs come in 32- 
lead LFSCP packages, feature 
additive jitter of less than 300 
fsec, and can reside close to 
devices requiring clocks. The 
devices use their four-level 
logic pins for programming di- 
vide ratios, phase offsets, de- 
lays, and output-logic levels, 
and the ICs require no serial- 
interface ports. 

ADIsimCLK is available for 
free downloading. The devices 
are in production. The AD- 
9513 and AD9514 sell for 
$5.95, and the AD9515 sells 
for $4.75 (1000). 

-by Jeff Barman 
>Analog Devices Inc, www. 
adi.com. 



a FEEDBACK LOOP 

"THERE IS A SIGNIFICANT DOUBLE 
STANDARD ON HOW MUCH (SOFTWARE) 
PIRACY ... COMPANIES ARE WILLING 
TO LET COUNTRIES AND THEIR 'CULTURES' 
GET AWAY WITH." 

Frank L, in EDNs Feedback Loop at www.edn.com/ 
article/CA633440. Add your comments. 
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IS YOUR CURRENT FPGA DESIGN SOLUTION 

HOLDING YOU BACK? 




FPGA Design Ever feel tied down 
because your tools didn't support the FPGAs 
you needed? Ever spend your weekend 
learning yet another design tool? Maybe it's 
time you switch to a truly vendor independent 
FPGA design flow. One that enables you to 
create the best designs in any FPGA. Mentor's 
full-featured solution combines design 
creation, verification, and synthesis into a 
vendor-neutral, front-to-back FPGA design 
environment. Only Mentor can offer a 
comprehensive flow that improves 
productivity, reduces cost and allows for 
complete flexibility, enabling you to always 
choose the right technology for your design. 
To learn more go to mentor.com/techpapers 



or call us at 800.547.3000. 



DESIGN FOR MANUFACTURING + INTEGRATED SYSTEM DESIGN 
ELECTRONIC SYSTEM LEVEL DESIGN + FUNCTIONAL VERIFICATION 



^Menlor 
Graphics* 

THE EDA TECHNOLOGY LEADER 



1. All Rights Reserved. Mentor Graphics is a registered trademark of Mentor Graphics Corporation. 



Low-lane-count PCIe switch 
ventures into new applications iH 

PLX Technology recently introduced a five-port, eight- 
lane PCIe (PCI Express) switch for applications such as 
high-end printers, multichannel network adapters, and 
notebook docking stations. The PEX 8508 complies with C 1 
PCI Express Specification R1.1 and offers a reduced 
footprint and lower power and cost. The PEX 8508 re- 
duces packet latency to less than 150 nsec. The switch 
features an PC bus, fatal-error-signal support, ISA/VGA- 
enabled registers for graphics applications, and four . 
general-purpose l/Os. It can enter an ultra low- power 
state and wake up via in-band or out-of-band signaling, 
has hot-plug controllers on all ports, and supports con- 
stant frequency and spread-spectrum clocking. 

The PEX 8508 targets add-in-card applications, such 
as Ethernet aggregation and processor isolation. "The 
market for these high-end adapter cards is growing, and 
it is almost becoming required that these cards have 
multiple l/Os on them," says John Gudmundson, senior 
marketing manager. 

One of the biggest markets for the PEX 8508 is 
processor isolation. "When isolation processors are on 
separate cards, there is lower latency," Gudmundson 
says. "If a board or a processor goes down, you need the 
other one to quickly take over, and that feature requires 
low latency through the switch." 

The PEX 8508 comes in a 19X19-mm, 273-pin PBGA 
package and will be available for sampling during the 
fourth quarter. It will cost less than $1 5 (volume quanti- 
ties). A rapid-development kit will sell for $995. 

-by Jeff Berman 

. PLX Technology, www.plxtech.com. 
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Aircraft ice detector shows 
sensing challenge, innovation 



Sensors measure basic, 
clearly describable pa- 
rameters: temperature, 
pressure, weight, and moisture. 
However, the reality of an ap- 
plication makes meaningful 
sensing challenging; hence, an 
enormous diversity of sensors 
exists for any given parameter. 
Demonstrating this dichotomy 
the hermetically sealed Model 
9732 ice-detecting transducer 
probe from New Avionics Corp 
uses a 950-nm laser-diode in- 
frared source and matching 
detector to assess thickness 
of ice, based on ice-induced 
attenuation of the optical path. 

Richard Hackmeister, vice 
president and general manag- 
er of the company says, "We 
use invisible IR to shine no vis- 
ible light outside the aircraft, as 
though it were a running light." 
The probe, which measures 6 
to 8 in. long, depending on ver- 
sion, can detect the first 0.00 1 
in. of ice; the NASA-tested and 
-calibrated probe can detect 
ice within 10 sec of entering 
an icing condition. The support 
circuitry implements the laser 
drive, detector-diode interface, 
and threshold detectors to sig- 
nal stages of ice growth and 
has a four-wire interface to the 
probe itself. 

The probe's slim physical 
shape plus low drag coeffi- 
cient of 1.09 do not interfere 



with or affect the onset of an 
icing condition. This phenome- 
non occurs when a probe dis- 
turbs the airflow, thus slightly 
warming the local environ- 
ment, retarding ice develop- 
ment, and leading to a mis- 

Does my 
1 measuring 
instrumentation 
affect what I 
am measuring? 

leading ice-development as- 
sessment. It demonstrates the 
eternal challenge: "Does my 
measuring instrumentation af- 
fect what I am measuring?" 
The basic probe tip weighs 
0.25 oz, and the complete tip, 
tube, and shield weigh 3 oz. 

Operating from a 3.3V-dc 
supply at 1 00 mA or with 200- 
mA pulses, the device enables 
engineers to locate the sup- 
port circuitry as far as 1 m from 
the probe itself. It has no high- 
speed clocking, so it generates 
no RFI and withstands ±25g 
acceleration in all six axes of 
motion. The unit sells for $799 
(50), and the license includes 
a reference-design schematic, 
a layout, and a bill of materi- 
als.— by Bill Schweber 

New Avionics Corp, www. 
newavionics.com. 




The Model 9732 ice-detecting transducer probe uses an infrared- 
laser diode and collocated photodiode to assess icing conditions, 
based on optical attenuation in the light path. 



m FEEDBACK LOOP 

"SOFTWARE-CONSTRUCTION 
METHODOLOGY HAS NOT CHANGED 
IN A FUNDAMENTAL WAY SINCE LADY 
ADA WROTE THE FIRST ALGORITHMIC 
PROGRAM FOR BABBAGE'S ANALYTI- 
CAL ENGINE, A MACHINE BUILT OUT OF 
GEARS AND ROTATING SHAFTS! THIS, 
I BELIEVE, IS WHY SOFTWARE IS SO 
UNRELIABLE." 

Louis Savain, in EDMs Feedback Loop at www.edn.com/article/ 
CA608882. Add your comments. 
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The perfect memory solution for the tightest spaces 



\1 



^^^^^ There's a Samsung MCP to fit every mobile device 

Multi-Chip Packages from Samsung give your handheld designs all the memory they 
need in the smallest footprint. And they don't consume much power, either. Samsung 
MCPs stack up to eight layers of Flash, DRAM and SRAM in a myriad of configurations 

and densities in standard packages. 



SI 



AMSUNG 



www.samsungusa.com/ 

© 2005. Samsung is a trademark of Samsung I 



d. All other trademarks are the property of their respective owners. 
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Energy-efficiency standards 
play a role in external-power- 
supply design 



Energy-conservation 
oganizations issue en- 
ergy-efficiency stan- 
dards that can make a differ- 
ence in external-power-supply 
design, according to industry 
executives and energy-con- 
sen/ation organizations. Such 
organizations include the 
United States Environmental 
Protection Agency's Energy 
Star (www.energystar.gov), the 
California Energy Commission 
(www.energyca.gov), the Euro- 
pean Union (www.europa.eu. 
int), the Australian Greenhouse 
Office (www.greenhouse.gov. 
au), and the China CECP (Cer- 
tification Center for Energy 
Conservation Products, www. 
cecp.org.cn). The organizations 
are deploying these standards 
in conjunction with mandatory 
and voluntary specifications fo- 
cusing on the efficiency of ex- 
ternal power supplies. 

"This [proliferation of ener- 
gy-efficiency standards] is 
happening on a global level, 
and there is a move afoot to 
harmonize global standards for 
energy conservation for differ- 
ent types of products and 
adapters," says Doug Bailey 
vice president of marketing at 
Power Integrations, a vendor 
of high-voltage analog ICs for 
power conversion. 

Although the details of the 
standards and specifications 
vary the underlying objective, 
according to Energy Star, is to 
spur the adoption and usage 
of energy-efficient external 
power supplies and buoy the 
concept of deploying a single 
energy-efficiency-testing pro- 
cedure and specification for 



several countries. This model 
enables designers to com- 
pare external power supplies' 
energy-efficiency outputs and 
lowers design and production 
expenses. 

This approach is similar to 
specifications that the CECP 
issued this year, calling for 
energy consumption for pow- 
er-supply components, in- 
cluding cell-phone chargers 
and adapters, digital cameras, 
and portable music players. 
They include minimum oper- 



ating-efficiency requirements 
at different output-power lev- 
els and a maximum level of 
no-load power consumption. 

According to Andrew Fan- 
ara. Energy Star team leader 
for products, a single global 
measure to gauge test pro- 
cedures and energy efficien- 
cy of adapters and other 
components at various power 
loads and no-load efficien- 
cies allows manufacturers to 
consistently and fairly com- 
pare products and tout effi- 
ciencies. 

"Our specifications are on 
the same level as those in 
other countries," says Fanara. 
"We would like to make pow- 
er consumption as low as 
possible, because there are 
roughly a billion power suppli- 



ers and adapters sold world- 
wide per year." 

Although Energy Star has 
been testing power supplies 
and adapters, Fanara notes 
that manufacturers are imple- 
menting designs with small, 
energy-efficient footprints for 
end users who want to use 
smaller, less bulky devices with 
smaller, more efficient power 
strips. "Designers are focusing 
more and more on this issue, 
because more efficient and 
smaller products bring about 
more benefits, such as reduc- 
ing energy bills, for end users," 
says Fanara. "Designers know 
that this type of energy effi- 
ciency is quickly becoming 
mandatory."-by Jeff Barman 

Power Integrations, www. 
powerint.com. 



Indian semiconductor companies 
upgrade engineering skills 




Experienced chip designers are becoming an increasingly scarce commodity as vendors 
outsource more work to the Indian semiconductor industry "There is a dearth of design 
engineers with a combination of electronic-design skills and an adequate knowledge of 
the latest tools," says G Satish Kumar of Mentor Graphics Sales and Services. To plug the 
gap, companies such as ATI, Magma, Mentor Graphics, and Tl are taking the initiative to 
upgrade the skills and knowledge of local design engineers. Collectively the companies 
spend more than $1 million a year— either in the form of monetary contributions for educa- 
tion or by providing software and tools for design labs in universities. "There is an acute 
shortage of VLSI front- and back-end-design talent," says Dasaradha R Gude, managing 
director at ATI Technologies India. Consequently ATI is collaborating with Hyderbad-based 
Veda NT on diploma and master's degree programs for design engineers. "We have trained 
more than 1 000 engineers on the entire Magma flow," comments Anand Anandkumar, 
managing director of Magma Design Automation India. "Talent that can develop EDA tools 
and analog ICs is in short supply." 

"There is a huge gap between what the universities teach and what the industry re- 
quires," confirms Professor K Jayaraman, chief mentor at CICT Pvt Ltd, adding that univer- 
sities lack the resources for developing labs or to invest in software tools. "The lack of a 
coordinating body is a problem," says CP Ravikumar, PhD, secretary of the VLSI Society of 
India. To bridge this divide, the ISA (India Semiconductor Association) and VSA (VLSI 
Society of India) have launched a pilot program with Belgaum-headquartered VTU 
(Vishvesvaraya Technological University). "The initiative encompasses research, curriculum, 
and faculty development, EDA-tool support and ecosystem creation," says Poornima 
Shenoy president of ISA. The pilot program will create opportunities for greater industry- 
academia interaction, create an industry-oriented curriculum, and facilitate the infrastruc- 
ture to support the prog rams.- by Chitra Giridhar, EDNAsia 

ATI Technologies, www.ati.com. 

Magma Design Automation, www.magma-da.com. 

Mentor Graphics, www.mentor.com. 

Texas Instruments, www.ti.com. 
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6F8000 DIGITAL SIGNAL CONTROLLERS 



A RARE PACKAGE OF HIGH PERFORMANCE, 
AMAZING INTEGRATION AND GREAT VALUE. 



I 




! 



COP/Watchdog 




PC 



56800/E Core 
32 MIPS 
32 MHz 




(4) 16-bit Timerj 



Key Features 

16 KB Program Flash and 4 KB Prog ram/ Data RAM 
Up to 6-Output 96 MHz PWM 
12-bit ADC with 1.125 |jsec conversion rate 
Peripheral set including SPI, SCI, PC & (4) 16-bit timers 
26 programmable GPIO 
32-pin LQFP packaging, PDIP (avail Q4) 
$2.99 (US) in 10K unit volumes 




If you've been searching for the processing power of 
a DSP combined with the ease of use of an MCU, 
your search is over. Our 56F8000 Digital Signal 
Controller (DSC) family delivers both, all on a single 
chip, and at price points that will even make your 
purchasing department smile. 

Clocking in at 32 MHz and delivering 32 MIPS at 
a price under $3 (US), the 56F8000 DSCs offer one 
of the most exceptional price/performance ratios 
available on the market today. 

Specifically designed for digital power control and 
industrial markets, the 56F8000's fully integrated core 
and advanced peripherals are ideal for motor control, 
switch-mode power supplies, appliances, lighting, 
instrumentation and smart sensing applications. 

Combine the convenience of the latest, third 
generation reprogrammable Flash, compact packaging 
and award-winning hardware and software tools, and 
the 56F8000 DSC family can put your design on the 
fast track. 

Order your demo kit now, 
starting at only $64.95 (US). 
Get a USB-to-JTAG adaptor 
($250 value) for only $100 
while quantities last. 

Demo kit includes a fully-functional demonstration 
board with an expansion connector for easy interface 
to 56F8000 daughter cards. You'll also receive 
CodeWarrior™ Development Studio for 56800/E with 
Processor Expert™ technology. 

freescale.com/DSC 




x^^freescale 



semiconductor 



ish technology licensed from SST. Fre 
ed pricing is MSRR © Freescale Serr 



:ale™ and the Freescale 
inductor, Inc. 2005. 
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RESEARCH UPDATE 



BY BILL SCHWEBER 



Bendable electronic paper 
includes image memory 



Striving toward the long- 
sought ideal of the el- 
ectronic equivalent to 
conventional paper, Fujitsu Ltd 
and Fujitsu Laboratories Ltd 
have demonstrated a film- 
based, bendable material that 
displays text and color images 
and consumes no power when 
displaying them. Fujitsu offi- 
cials say that the power to 
change an image is so low that 
the weak RF energy in con- 
tactless IC cards can deliver 
that energy to the device. 

The substrate material has 
three layers-for red, green, 
and blue primary colors— and 
delivers more vivid images 
than do standard reflective 
LCDs, because the material 




uses no color filters or polariz- 
ing layers. Fujitsu plans to re- 
fine and test-market the mate- 
rial, which is suitable for shelf 
tags, display signage, and flat 
and curved surfaces, through 
2006. You can find details at 
www.fujitsu.com/global/news/ 
pr/archives/month/2005/ 
20050713-01.html. 
D Fujitsu Laboratories Ltd, 
www.labs.fujitsu.com. 



Laser-enhanced printer gives 
paper-cutting a new edge 

Researchers at CEA (Commissariat a I'Energie 
Atomique) Le Ripault (Monts, France) are giving 
the standard ink-jet printer a potential role in pre- 
cise paper-cutting, akin to rapid prototyping, so 
that users can cut or score invitations, cards, and 
complicated shapes. The printer assembly com- 
bines a conventional print head with a 1W, 810-nm 
infrared laser diode and an ink that absorbs in- 
frared wavelengths but is transparent to visible 
light. The company based the ink on pigment from 
Sigma-Aldrich (www.sigmaaldrich.com). 

The printer cuts paper at a speed of less than 
1 m/minute, far slower than commercial systems, 
which use kilowatt- range carbon-dioxide lasers 
and achieve cutting speeds of approximately 
lOOOm/sec. However, the technology is suitable 
for many desktop applications and low-volume 
needs. The key to this small-scale system is the re- 
cent development of low-cost laser diodes with 
outputs of 1 W at wavelengths of 700 nm and 
longer. You can find more details at www.cea- 
technologies.com/article/article.php?article=379. 

Commissariat a I'Energie Atomique, www.cea.fr. 



Machine-readable label 
functions despite obstructions 



Manufacturers of complex 
systems need to mark every 
part with an ID number, but 



etched or printed bar codes 
may not work because they 
are often covered by paint or 




Need the time? NIST can help 

Radio-controlled clocks that automatically synchronize to the 
NIST (National Institute of Standards and Technology) 
WWVB primary-clock time codes have come down in price, 
size, and power; you can even get them through specialty 
stores, such as The Sharper Image. 

If you are thinking of incorporating the circuitry into your 
product, look at the online brochure from NIST WWVB, Radio 
Controlled Clocks: Recommended Practices for Manufac- 
turers and Consumers at http://tf.nist.gov/timefreq/stations/ 
radioclocks.htm. Although some of the advice, such as check 
the batteries and change the antenna orientation, is obvious, 
the brochure also offers good insight into the time codes and 
how your design can use or misuse them, dealing with signal 
loss, adjusting for Daylight Savings Time, and similar issues. 
^National Institute of Standards and Technology, 
www.nist.gov. 



1' 



special finishes. To address 
that problem, researchers at 
NASA's Marshall Space Flight 
Center have developed a 
magnetic-dot-based system 
with high-magnetic-coercivity 
ink, in which the dots are "writ- 
ten" in a matrix pattern. This 
writing can use a stencil or ap- 

A handheld 
1 reader sens- 
es the matrix 
pattern and 
converts it to a 
standard code- 
output pattern. 



ply the ink in laser-engraved, 
etched, or machined recesses. 
A handheld reader senses the 
matrix pattern, similar to how a 
bar-code scanner works, and 
converts the pattern to a stan- 
dard code-output pattern. The 
reader can sense the magnet- 
ic pattern through as much as 
1 5 mils of paint-typically, five 
or six layers. 

The system also has poten- 
tial in nonaerospace applica- 
tions, such as automotive pro- 
duction, in which manufactur- 
ers paint parts during produc- 
tion or parts become covered 
with grime and crud in the field, 
and security in which vendors 
can deliberately cover and 
thus shield the code's exis- 
tence from prying eyes. You 
can find more details at http:// 
techtran.msfc.nasa.gov/new/ 
mmrms.html. 
P>NASA, www.nasa.gov. 
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ZIGBEE 



I OUR ALL-IN-ONE ZIGBEE SOLUTION 
PUTS YOU IN A VERY ENVIABLE POSITION. 




The world's first single-source Zig Bee-corn pliant 
platform: 



There are always hurdles getting products to 
market. But now, embedding ZigBee™ technology 
into your devices is no longer an obstacle. With 
Freescale's all-inclusive solution, you'll get the 
jumpstart needed to focus on the task at hand— the 
job of designing. 

As the world's first single-source ZigBee-compliant 
platform, our solution comes with everything: sensor 
IC's, extensive software, ZigBee protocol stack, and 
robust development tools— all designed to work 
seamlessly together. There's also our system-in-a- 
package solution, featuring the MC1321X family. 
Both options are fully customizable for your specific 
needs. And both scale from point-to-point 
proprietary networks to fully compliant ZigBee 
technology networks. 

We lead the industry with an achieved range of 
nearly 400 meters. What's more, our comprehensive 
and cost effective development tools provide you 
with the hardware, software, documentation, and 
reference material that you need to quickly and easily 
adopt ZigBee technology. With our leadership 
position in microcontroller units and radio frequency 
integrated circuits, choosing Freescale ZigBee is no 
leap of faith. 

Put yourself in an ideal situation by ordering 
your Eval kit today at freescale.com/ZigBee 




» One-stop shop for entire ZigBee system 

» Compreliensive development tools from 
hardware to reference designs 

» System-in-a-package 
solution, featuring the 
MC1321X family 

>> Industry leading range, 
nearly 400 meters achieved 

» IEEE 802.15.4 compliant 
2.4 GHz transceiver 

» 25 years providing sensor solutions 



Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. All other product or service names are the property of their respective owners. 
Freescale Semiconductor, Inc. 2005 
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BY HOWARD JOHNSON, PhD 
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Making noise 



Friday nights, I play bass in a jazz trio. The sound of my 
upright acoustic bass easily fills our small club, so I con- 
stantly have to think about the level of noise I'm making, 
and that brings me to the subject of this column. 
I recently concluded some power- supply immunity testing 
on an IC. The test fixture directly injects intentional noise 
into the power terminal of the DUT (device under test) to see how much 
it can take without failing. 

Ordinarily, I place an impedance in series with the power terminal of 
the DUT, severely weakening the power system at that point and making 
it easy to inject substantial quantities of intentional noise into the chip's 
power terminal. This time a special requirement complicated my test: that 

the power system feeding the DUT re- Under these conditions, to induce 
main unaltered during testing. Making ± 200 mV of noise on the power plane 
matters even worse, the power system feeding my DUT, the test apparatus 



for this layout was hefty. Analysis of 
the design revealed a power-to-ground 
impedance of about 0.02H at all fre- 
quencies as high as 1 GHz. 




Pump up the volume with multiple 
sources. 



must pump at least ±10A into the 
power system. To generate that much 
current, a 500 laboratory signal source 
needs an open-circuit voltage of 
(10A)X(50n) = ±500V and dissi- 
pates 2500W rms when clamped to 
V^^ by this stiff power system. I've seen 
bass amps that pump out that much 
power, but my lab signal source — nor 
any source I can afford to rent — does 
not cut it. 

How about using a transformer to 
overcome the mismatch between the 
source impedance (SOU) and the load 
impedance (0.02H)? The impedance 
ratio is 2500-to-l, so a transformer 
with a 50-to-l turns ratio should, in 
theory, reduce the required source cur- 
rent to a level of (±10V)^ 
(50n) = 200 mA. The required source 
voltage would then be (200 mA)X 
(5 on) = ± lOV — an achievable figure. 
Unfortunately, I was unable to find, or 
figure out how to construct, any 1- 
GHz transformer suitable for such a 
low load impedance. Friday afternoon 



A massive array 
of sources creates 
a huge amount 
of noise. 

rolled by, and I still had no way to 
properly stimulate my system. 

Over the weekend, thumbing 
through the pages of Bass Player mag- 
azine, I came across a picture of a 
young woman standing in front of a 
wall of bass speaker cabinets. Her setup 
arrayed 32 10- in. speakers in parallel, 
producing an impregnable wall of 
sound. That picture triggered a crucial 
thought in my brain: A massive array 
of sources creates a huge amount of 
noise. 

My test card now has the DUT on 
one side, with its power system. On the 
other side of the card, using a separate 
power system but shared ground 
planes, sits a huge FPGA with 400 out- 
puts. Each output pumps noise through 
a dc blocking capacitor directly onto 
the plane that the DUT uses. 
Each FPGA output is programmed as a 
50n source powered by 3.3V. This cir- 
cuit easily drives the required ±200 
mV onto my DUT power plane. By 
adjusting the number of active out- 
puts, I control the level of noise. 

If you build a similar circuit, 
don't let it run very long. The 
source, like good jazz, gets really 
hot.EDN 



Howard Johnson, PhD, of Signal Con- 
sulting, frequently conducts technical 
workshops for digital engineers at Oxford 
University and other sites worldwide. Visit 
his Weh site at www.sigcon.com, or e- 
mail him at howie03@sigcon.com. 



AT EDN.COM 



[+] Go to www.edn.com/05091 5hj and 
click on Feedback Loop to post a 
comment on this coiumn. 
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Simple, affordable, high-performance 
video processing in any format, 
n any device, in any seat in the house, 
hat's the DaVinci Effect. 




TALES FROM THE CUBE 



BY JIM WILLIAMS • LINEAR TECHNOLOGY 



Something from nothing 




In the early 1980s, as Linear Technology was just beginning, 
we had a fundamental problem: products in development 
but none to sell But, we wanted prospective customers to 
know our name and what we were up to. Our public-rela- 
tions company glibly urged "controlling the press" and 
"getting our message out" but offered little real substance. 



This approach seemed arrogant folly, 
and I felt a restless, uneasy malaise- We 
couldn't and shouldn't control the 
press; we should feed it what it wants- 
Editors aren't fools. They value what 
interests their readers- Going to them 
with puffery and hype would be self- 
defeating. The real issue was finding a 
way to productively use the seeming 
dead time before product availability- 
What EDN's editors and their readers 
wanted was a series of credible, full- 
length technical articles in the lan- 
guage of relevant, working circuits. 

I moped for weeks over this prob- 
lem before a possible solution became 
apparent. Instead of waiting for prod- 
ucts, I'd simply go into the lab, devel- 
op the applications, and then write the 
articles. The key to this approach was 
to synthesize the expected products 
using available ICs and discretes to 
build rough equivalents on small plug- 
in boards. We could develop function- 
al applications and write most of the 
text. We'd then shelve the manuscript 
and breadboards. Later, when products 



became available, we could put them 
into the breadboards and implement 
the attendant final changes. Once we 
had done these tasks, we could drop 
scope photos and specifications into 
the waiting text, tweak the manuscript, 
and ship it off to EDN. This approach 
would speed publication by perhaps a 
year and synchronize the article's 
appearance with product introduction. 

Initially, the whole scheme appeared 
absurd and eminently unworkable, with 
uncountable technical and editorial 
sinkholes. Getting started was much 
more difficult than I had imagined. 
Synthesizing the hardware for our 
unborn ICs proved tricky; my meth- 
ods, clumsy and stumbling. Bread- 
boarding the applications was labori- 
ous and slow, primarily because I was- 
n't sure how accurately I was mimick- 
ing the forthcoming IC's performance. 
Writing was equally painful. Text flow 
was staccato and disjointed because of 
the gaps that occurred while I waited 
for results with actual products. I had 
to keep separate notes directing me to 



unfinished text when we finally 
dropped the products into the bread- 
boards. 

The first article took almost two 
months, but things slowly became eas- 
ier. Tricks to move along the lab work 
evolved, and I found ways to write 
more efficiently, making the manu- 
scripts inherently adaptable to the 
planned additions and changes. Soon, 
I was producing an almost-finished 
article every two weeks or so, roaring 
along, powered by adrenaline, solder, 
pencils, paper, and pizza. 

During the next year, life was a 
dizzy seven-day-a-week blur of bread- 
boards and manuscripts shuttling be- 
tween work and my home lab. My diet 
was a cardiologist's nightmare. I don't 
recall having a meal at home. The 
refrigerator was devoid of food but 
well-provisioned with Polaroid film to 
feed the oscilloscope camera. All this 
frenetic bustle boiled off any sem- 
blance of a normal social life. At din- 
ner in San Francisco, while nominally 
listening to my date describe her job 
intricacies, I silently calculated the 
optimum chopper-channel crossover 
frequency in a composite amplifier. 
This regimen of madness continued for 
about a year, resulting in 35 full-length 
feature articles appearing in EDN be- 
tween June 1983 and November 1987. 

I still write for EDN, although at a 
significantly less frenetic pace. Now, 
when the kids in our lab complain to 
me about writing technical material, I 
try not to sound like the curmudgeon 
I am not so slowly becoming. I think 
that mad tear almost 25 years ago con- 
tributes to my current lack of empathy. 
These kids today, with a catalog full of 
products, they don't know what 
they've got. 

Long-time EDN contributor Jim Williams, 
staff scientist at Linear Technology Corp 
(Milpitas, CA) , has more than 20 years' 
experience in analog-circuit and instru- 
mentation design. Like Jim, you can share 
your tale. E-mail mg<wright@edn.com. 
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CAN YOUR BRICK DO THIS? 



IR's DC Bus Chipset Enables Bricks With 48Vjn, a.eVout, 330W at 97% Efficiency 



Full-Bridge Bus Converter Chipset (IRF6646, IR2086S, IRF6635 ) 
48Vjn/9.6Vout/ 175kHz 



- 97% 




Reference 
Designs 
Available 



New DC-DC Chipset Solution from International Rectifier 



DirectFET'v' MOSFETs 



Part# 


Package 


Vdss 


FiDS(on) l^ax 


Qg 


Qgd 










@Vgs=10V 


Typical 


Typical ^ 


: 


IRF6644 


Medium can 


100V 


13m^2 


35nC 


11.5nC 




IRF6655 


Small can 


100V 


62mi^ 


8.7nC 


2.8nC 




^r|RF6646 


Medium can 


80V 


9.5m^2 


36nC 


12nC 


• 


IRF6613 


Medium can 


40V 


3.4m^2 


42nC 


12.6nC 


• 


IRF6614 


Small can 


40V 


8.3m^^ 


19nC 


B.OnC 




irlRF6635 


Medium can 


30V 


1.8m^2 


47nC 


17nC 


• 



Control IC 



Part# 
IR2085S 



IR2086S 



Package 
SO-8 



SO-16 



Voltage Rating 
100V 



100V 



Description 

Primary-side half-bridge control IC, 
fixed 50% duty cycle, self-oscillating 



Primary-side full-bridge control IC, 
fixed 50% duty cycle, self-oscillating 



International Rectifier's new power 
management DC Bus converter chipset 
delivers 48Vjn, 9.6Vout, over 330W at 97% 
efficiency for networking and telecom- 
munications systems. 

• Single DirectFET MOSFET can replace 
two SO-8 devices 
Reduces component count by >45% 
Achieves up to 1 .5% better efficiency 
compared to industry standard quarter 
brick form factors 
Reduces temperatures up to 40°C 
Board space reduced by 29% vs. quarter 
brick form factors 

Industry Best Rosion) for IFiF6644 (1 SmQ), 
IRF6646 (9.5mQ), IRF6635(1.8mQ) 

Design Services available at www.mypower.com 



* - IR product featured in Full-Bridge Bus Converter reference design above 

IR's proprietary DirectFET technology is covered by US Patent 6,624,522 and other US and foreign pending patent applications. 

DirectFET is a trademark of International Rectifier. 



for more information call 1 .800.981 .8699 or visit us at 

www.irf.com/dcdc 



ntemationa 
Rectifier 

IHE POWER MANAGEMENI lEADER 



We think communications can 
never be too fast, too reliable, 
too simple. 



What do you think? 





YOU ARE PASSIONATE about delivering innovative technologies to continuously drive 
telecom and datacom advancements. We help you succeed. 

AT INFINEON, we never stop thinking about advancing broadband access and wireless 
communications. From xDSL to VoIP to home gateways in the wired network space to 2G, 
3G, WLAN, Bluetooth and RF in wireless, our broad portfolio delivers end-to-end semicon- 
ductor solutions for creating the most intelligent and cost-efficient products. As the #3 
worldwide supplier in Wired Communications and a leader in xDSL, Voice Access, T/E 
Carrier and Wireless, we lead the way for better and faster communication.^ 

DO YOU THINK you can break new ground with your next design? Visit 
www.infineon.com/us to see how our Smart Chip solutions can make your communications 
design even more innovative. 



www.infineon.com/us 





MSuppli, 2005 and Gartner Dataquest, 2004 

©2005 Infineon Technologies Nortli America Corp. All rights reserved. 



Never stop thinking. 



BY MICHAEL SANTARINI SENIOR EDITOR 



Thermal integrity: 
a must for 
low-power-IC 
digital design 

THIS YEAR'S DESIGN AUTOMATION CONFERENCE HAD NO 
SHORTAGE OF ESTABLISHED VENDORS AND START-UPS 
INTRODUCING POWER TOOLS PURPORTING TO GIVE 
DIGITAL-IC DESIGNERS A BE^ER WAY TO ESTIMATE POWER. 




Over the last three years, IC- 
power management has 
moved from a third-order 
to a first'Order concern for 
chip designers, especially 
those designing ASICs and SOCs (sys- 
tems on chips) for portable-system appli- 
cations- Accordingly, many power tools 
made their debut at this year's Design 
Automation Conference, which took 
place in Anaheim, CA, in June- Experts 
say that, to get a true grasp of transistor 
leakage — an ever-larger consumer of sys- 
tem power — you must first get a read on 
the thermal effects of your design and 
how they impact the timing and reliabil- 
ity of digital ICs. Experts assert that, if you 
get an accurate account of heat on your 
chip, you can maximize your design for 
the right mix of power, performance, and 
reliability- 

If you're designing at process geome- 
tries of 90 or even 130 nm, you know that 
IC-power management is a big problem. 
Several EDA companies have developed 
tools to estimate active power, which is 
power a system consumes through normal 
operation and computing. Some vendors 
have also developed tools that try to 
account for leakage power, which leaks 
from transistors when systems are in 
standby mode. Leakage was a problem at 
the 130-nm node and has become a huge 
problem as designs moved into 90 and 65 
nm. Experts say that designers cannot 
account for leakage and, thus, IC-power 
consumption without accurate thermal 
analysis. 

"As temperature increases, leakage 
increases exponentially," says Andrew 
Yang, president and chief executive offi- 
cer of Apache Design Solutions. "TSMC 
[Taiwan Semiconductor Manufacturing 
Co] projects that leakage consumes about 
50% of the total power. We've asked our 
customers implementing designs on 90- 
nm silicon, and they are seeing that leak- 
age consumes 25 to 40% of power. In 
moving to 65 nm, we expect 50 to 70% 
of total power will be lost through leak- 
age." A lot of that leakage results from 
inaccurate estimates of temperature, and 
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AT A GLANCE 

El Leakage power exponentially 
increases with temperature. 



El At 90-nm-process nodes, leakage 
accounts for 25 to 40% of total 
power. At 65-nnn processes, leakage 
accounts for 50 to 70% of total 
power. 



El On-chip temperature impacts tim- 
ing. Every 1 5°C increase causes 
delay of approximately 1 to 1 5%. 



El EM increases exponentially with 
temperature increases and reduces 
the life of products by four times. 



El Resistance is a linear function of 
temperature, affecting IR drop. A 
change of 1 5°C increases resistance 
by 1 0%. 



El Clock gating and multithreshold 
CMOS increase on-chip thermal 
variation. 



most of that inaccuracy is due to the use 

of outdated maximum-temperature limi- 

tations and models passed to package and 

systems designers- 
Raj it Chandra, president and chief 

executive officer of Gradient Design 

Automation, says that temperature has 

always to some extent been a factor in IC 

design, but, for the most part, designers 

targeting thermal tolerance 

have based their work on the 

fact that the temperature on 

the IC should not exceed 

105°C. For more than a 

decade, that rule has domi- 

nated. But, as designs target 

finer process geometries and 

designers place more func- 

tions on a chip, designing to 

105°C across the chip is not 

the most effective route for 

hitting performance goals, 

and vendors are working 

toward a lower maximum 

temperature- 
Transmeta is one such 

company. It offers the Long- 



Run2 low'power-design methodology to 
fabs. The company's founder and chief 
technology officer, Dave Ditzel, a noted 
processor designer, says that IC-design 
groups today often make power-versus- 
performance trade-offs- "Because leakage 
is such a big issue, people who used to spec 
parts at 105°C are targeting lower maxi- 
mum temperatures," he says. "If you look 
at a typical desktop CPU, it will likely be 
rated for only 85 °C. To control leakage, 
people would like to even further reduce 
that temperature." Library vendors and 
fabs all offer low-power processes, low- 
thermal-voltage transistors, and multi- 
threshold CMOS, but Ditzel says users 
give up clock speed when going to those 
structures. 

Chandra says that many of today's 
SOCs are so large and perform so many 
functions that areas of the die develop 
microclimates and hot spots instead of 
maintaining a constant and predictable 
temperature across the die (Figure 1). 
"Reality starts diverging from traditional 
assumptions regarding temperature in 
ICs," says Chandra. "For example, if you 
assume your chip to be 25 °C and it is actu- 
ally 35°C in a spot on the chip where there 
are low- thermal- voltage transistors that 
are leaking, then the current will go up by 
50%. With the next 10°C rise in temper- 
ature, the current will go up 126%." If you 
take it a step further and assume that the 
chip runs at 25°C and it is actually run- 
ning at 45 °C, then, according to Chandra, 
"You will be way off on power and even 
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timing on a bunch of transistors." Add 
ambient heat from the climate to the mix, 
and the problem gets worse. "Unlike the 
old days, when you asked what the aver- 
age power was, and temperature was just 
an afterthought, temperature is now driv- 
ing the power," he says. 

Yang and Chandra say that popular 
low-power-management techniques of 
clock gating and power gating, shutting 
down parts of the design when not in use, 
can be the main culprits in creating local- 
ized hot spots or microclimates. "To 
reduce power, people use clock gating, 
essentially shutting down certain clock 
domains, reducing certain parts and activ- 
ity of the design and cooling them," says 
Yang. "In fine-grained clock gating, we 
see a temperature variation on chip as 
opposed to having everything toggle in a 
statistical way. Power gating through the 
use of multithreshold CMOS to deliber- 
ately shut down parts also causes on-chip 
temperature variation." He says that 
everything on an IC should simultane- 
ously heat up and cool down, but that sit- 
uation doesn't occur in fine-grained 
devices. "Having portions of a design heat 
up while other portions of the design cool 
down can cause race conditions in ex- 
treme cases or hold-time and matching 
violations, similar to what analog design- 
ers have dealt with for years," says Yang. 
He predicts that thermal impact on low- 
power design will become more important 
as chip designers start to use clock- and 
power-gating design techniques. 
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Figure 1 Heat can migrate on an IC. The section of an IC with the highest power density (a) is not 
always the hottest area of the IC (b). 
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Micrcl Inc., is a leading global manufacturer of 
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On the other hand, Transmeta's Ditzel 
thinks that microclimates are insignifi- 
cant problems in designs using a 90'nm 
process. "You get variation as dies get big- 
ger, but that evens out quickly over time," 
he says- 

THERMAL IMPACT 

When performing thermal analysis, 
designers have to also consider power 
leakage, on-chip temperature, reliability, 
electromigration, and IR drop- "Clock 
timing is sensitive to temperature varia- 
tion," says Yang. "Every 15°C increase 
locally causes a delay or slew to increase 
roughly 10 to 15% locally. So, a temper- 
ature increase does slow things down." 
Electromigration also increases expo- 
nentially with increases in temperature. 
"Typically, a chip has a maximum toler- 
ance of 105°C, but, if the local area heats 
up 15°C, the chance of electromigration 
increases exponentially, reducing the life- 
time of a device by four times," he says. 
He notes, too, that resistance scales lin- 
early with temperature, so, for a 10 to 
15°C increase in temperature, resistance 
of the local area increases by 10%. As a 
result, IR drop increases by about 10%, 
according to Yang. 

Traditionally, vendors have relegated 
the job of cooling ICs to package and sys- 
tem designers. But experts argue that the 
package-design step occurs too late in the 
process and that package designers typi- 
cally have insufficiently accurate thermal 
estimates to build the optimum package 
for a part. "Package designers have tradi- 
tionally been given just one temperature 
to work with," says Chandra. "The pack- 
age designers think they can completely 
cool off the entire chip, but that assump- 
tion is incorrect. The energy devices, like 
the leaking devices and critical paths, 
continue to generate heat. Package design 
will reduce some — but not all — of the 
temperature." 

Designing a package with too low a 
thermal tolerance can be costly because 
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Figure 2 Leakage current and hence leakage power decreases with decreasing V^^ but 
increases exponentially with temperature. For this test case, leakage values were 
observed with a V^^ of 1 V and a temperature of 27°C. 



it can lead to overheating and failure of 
the chips, whereas excessive use of guard- 
bands; extravagant packages; and extrav- 
agant cooling schemes, such as employ- 
ing on-package fans, can add expense to 
projects. In the 90-nm era, package 
designers need more accurate power and 
thermal data from IC designers. Inaccu- 
rate power analysis can lead to power vari- 
ation across a wafer. "As you go to high- 
er performance devices, you find that not 
all parts leak the same," says Ditzel. He 
points out that the die on a wafer have 
varying degrees of performance and power 
consumption. 

The power grade and, thus, heat vary 
by as much as a factor of four across a 
wafer. "Faster parts are those with lower 
threshold voltages. They also are the 
parts with the highest leakage," Ditzel 
says. "In that case, your power estimate, 
expressed in CV^f [total switched capac- 
itance times the power-supply voltage 
squared times the switching frequency], 
is the same, but you have a huge varia- 
tion in leakage," he says. "It has to do 
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with statistical variation in processing: 
The fab can control the threshold volt- 
age only so well, so it has some varia- 
tions. That variation can greatly affect 
your design." This variation may be 
acceptable for microprocessor vendors 
that have many products in various 
speed and power versions. However, 
SOC and ASIC vendors having to meet 
certain performance and power specs 
cannot tolerate that variation. For ASIC 
designers, the device either meets per- 
formance requirements or ends up in the 
trash. The variation across the wafer also 
leads to a problem for package designers 
if they receive a spec with a lower-than- 
needed maximum-temperature specifi- 
cation. 

Chandra proposes eliminating the 
wall between the chip and package 
designers. "Because of the temperature 
issues and the regional effect of heat, leak- 
age has in many ways caused people to 
think about packaging, heat sinks, and 
thermal gradients within the chip," he 
says. "They all need to come together to 
better serve chip cost-effectiveness and 
chip quality." He notes that companies 
such as Ansoft and Flomerics offer tools 
that analyze electromechanical issues and 
junction and ambient temperature. 
"Those vendors are traditionally not con- 
cerned about how power changes with 
temperature and how it distributes itself 
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Up to 800 kHz 
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within a chip," Chandra says, noting that 
vendors in that area may soon work more 
closely with EDA companies. 

THERMAL-INTEGRITY ANALYSIS 

Yang and Chandra predict that thermal 
analysis will become a hot area in software 
tools and that designers must account for 
thermal effects if they want to home in 
on the right mix of leakage, performance, 
reliability, and package. "First, there was 
signal integrity; then, there was power 
integrity; now, the next analysis we will 
need to do is thermal integrity," says Yang. 
His company. Apache Design, which beat 
by three years most of the flock of EDA 
vendors into power- integrity analysis, cur- 
rently offers no thermal-analysis tools but 
is considering adding them. Yang envi- 
sions that a comprehensive thermal- 
integrity flow will evolve in which users 
first perform active- and leakage -power 
estimations and then perform thermal 
simulation. "Thermal simulation will take 



Gradient, which introduced its FireBolt 
thermal-analysis tool at DAC, has a 
trademark on the term "thermal integri- 
ty." Gradient's stand-alone tool performs 
an on-chip thermal analysis and locates 
hot spots. The company also has patent- 
ed on-chip heat-sink structures that 
designers can add to the metal layers in 
instances in which conventional layout 
fixes don't work (Table 1). According to 
the company, the thin substrate of silicon- 
on- insulator and strained silicon is high- 
ly susceptible to on-chip thermal varia- 
tion. Low-k dielectrics have poor thermal 
conductivity that traps heat in wires 
(Figure 2). 

Other than Gradient, Magma is the 
only other tool vendor now offering cus- 
tomers digital-IC-thermal-analysis tools, 
which it has integrated in its Blast-Rail 
and Blast-Rail 5.0 products. The tools use 
a scalable polynomial-leakage model to 
get an accurate reading of on-chip tem- 
perature variation. Users identify hot 
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AS THE DESIGN PROGRESSES, YOU WANT TO CHARACTER- 
IZE CRITICAL CELLS, SUCH AS THOSE IN THE CRITICAL PATH. 



in the package and process parameters — 
for example, the thermal resistance of the 
package, the heat sink, and the substrate 
information — and simulate the thermal- 
resistance and -capacitance networks to 
derive a steady-state temperature," he 
says. "The key is the feedback between 
power and thermal simulation. If you are 
not careful, you can get a thermal-run- 
away condition." 

After thermal simulation, users will 
develop an on-chip thermal profile to 
analyze the power and thermal impact on 
chip timing, reliability, IR drop, dynam- 
ic-voltage drop, and ground bounce. "We 
can't analyze those conditions using 
worst-case, steady-state temperature 
throughout the whole design," says Yang. 
"They cannot consider the variation 
effects." He says that, after analysis, users 
will give the information to package 
designers and apply the information to IC 
layouts. "Users will move blocks around 
to avoid localized temperature buildup or, 
in some cases, widen wires to reduce cur- 
rent density and self-heating," says Yang. 



spots at full-chip level and perform more 
thorough analysis after the tools identify 
hot spots. "In the early stages of the flow, 
you don't want to characterize each cell, 
but, as the design progresses, you want to 
characterize critical cells, such as those in 
the critical path," says Amir Ajami, con- 
sulting staff member at Magma. "Those 
paths get the most use, and that means 
they generate the most heat. They also 
have the biggest impact on the general 
distribution of the overall clock signals." 

FIXING THERMALS 

Designers can employ a number of 
techniques to correct thermal-related 
problems. "One trick is simply to move 
design blocks around and equalize tem- 
perature across the chip during floor- 
planning," says Chandra. Designers can 
also make wires more robust and reduce 
leakage by widening traces and using low- 
thermal-voltage transistors. However, 
this approach slows performance and 
increases area. The method is an effective 
way to reduce leakage and prevent elec- 



[±] For a related article, go to 
www.edn.com/artlcle/CA607747. 

E] For a wrap-up of this year's Design 
Automation Conference, go to 
www.edn.com/artlcle/CA61 0042. 

[±] We encourage your comments! Go 
to www.edn.com/050915df1 to post a 
comment on this article. 



tromigration. To fix problems with non- 
uniform power consumption and to get a 
more constant temperature, users can 
adjust buffer sizing and placements. 

Academic researchers are testing the use 
of dummy vias in the higher metal layers 
to reduce nonuniform temperatures on 
interconnect without impacting resistance 
and capacitance. "If you insert dummy vias 
at certain locations along the global line, 
you reduce the distance between the inter- 
connect and the substrate, reducing the 
length and cooling the line faster because 
the substrate will work like a heat sink," 
said Ajami. "It reduces the impact of the 
gradient on the interconnect." 

Transmeta also claims that its Long- 
Run2 helps ease the power-management 
problem. "It makes it easy to control the 
threshold voltages of devices," says 
Ditzel. The company offers a tool kit that 
helps them to implement dynamic 
threshold- voltage control to get the right 
level of performance when systems are 
running and in standby mode.EDN 
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Mac (under) 
the knife: 

piecing togetlier tine PowerPC puzzle 



hree notable events in the high-tech industry so far 
this year have particularly influenced the status of 
the PowerPC CPU in embedded-system applica- 
tions and the broader electronics market. 
Beginning in mid-March, IBM published a series 
of articles promoting the Apple Mac Mini as an 
embedded hardware- and software-development 
platform, both under the Mac OS and with vari- 
ous iterations of Linux and BSD Unix (references 
1 and 2; see sidebar "Linux: a work in progress")* 
In mid-May, all three next-generation game con- 
soles (Microsoft's Xbox 360, Nintendo's Revolution, and Sonys 
PlayStation 3), containing various spins of the PowerPC architecture, 
went public at the E3 Expo, And, in early June, Apple Chief Executive 
Officer Steve Jobs announced that the company would begin a phased 
transition away from the PowerPC to Intel x86 CPUs (references 3 
and 4; see sidebar "New PowerPC flavors"). 

The diverging game-console-versus-computer trends have provoked 
a vigorous cyberspace and water-cooler debate regarding the future of 
the PowerPC, both absolutely and relative to its chief 32- and 64-bit 
competitor, the x86. Is the Mac Mini, as IBM s documentation claims. 




a valid development vehicle for Power- 
PC-based embedded-system designs? 
What does next-generation game-con- 
sole developers' embrace of the PowerPC 
architecture indicate about its cost, per- 
formance, power consumption, and 
other attributes? And, conversely, does 
Apple's embrace of x86 suggest that the 
PowerPC is at a crossroads compared with 
AMD-, Intel-, and Via-supplied CPU 
alternatives? These are some of the ques- 
tions that the development efforts, 
benchmark results, and other issues raised 
and resolved in this hands-on project 
attempt to explore- 

THE HARDWARE 

Following the recommendations out- 
lined in IBM's literature, EDN purchased 
a L 25 -GHz Mac Mini, with the Super- 
Drive writable-DVD-drive option, for 
$553 after rebate (Table 1). Stay tuned 
for a product teardown in a future EDN 
Prying Eyes section. The Mac Mini's 
specifications are similar to those of a 
PowerBook that's also in the EDN com- 
puter pool, giving credence to the oft- 
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El Recent events put an added twist 
on the long-standing x86-versus- 
PowerPC debate. 



Q Four hardware platforms, along 
with multiple subsystem combinations 
for one of them, give numerous data 
points for a more complete picture. 



El SPEC data is, for now, integer- 
specific and does not reflect multi- 
processor presence. 



El Xbench testing provides highly 
detailed results, some of which are 
not readily explainable. 



El The project lives on; keep an eye 
out for future print articles and blog 
postings. 



touted observation that (simplistically 
speaking) Apple repackaged an iBook 
laptop and removed the LCD from it to 
come up with the Mac Mini (Figure !)♦ 
The 32^bit G4 (PowerPC 74xx) CPUs in 
both systems run at 1.25 GHz, with a 167- 
MHz FSB (front'Side-bus) frequency and 
no L3 cache- The core clock speed of the 
CPUs in the Mac Mini and PowerBook 
exceeds that of many PowerPC-based 
embedded designs. To give the project 
additional relevance to EDN readers, 
therefore, we also acquired a four-year-old 



G4 Power Mac through a winning bid on 
an Fbay auction. 

The dual 800-MHz G4 Power Mac sys- 
tem (code-named Quicksilver) show- 
cased in this article has half the L2 cache 
of its Mac Mini and Powerbook G4-'based 
counterparts but contains 2 Mbytes' 
worth of off-CPU L3 cache consisting of 
synchronous SRAM running at one-quar- 
ter the core CPU-clock rate. The cost- 
slimming L3 -cache omission on the Mac 
Mini and PowerBook is perhaps more 
understandable when you realize that 
their SDRAM runs at a higher peak data 
rate than the L3 cache in the dual G4 
Power Mac can support! This first-gen- 
eration Quicksilver system, which runs its 
single-data-rate SDRAM at a PClOO 
speed setting, also came in 733- and 867- 
MHz single-CPU variants; second-gen- 
eration Quicksilver systems delivered 
800- and 933-MHz (single-CPU) and 1- 
GHz (dual-CPU) speeds and underwent 
a minor L3 -cache evolution, switching 
to DDR (double-data-rate) SRAM that 
ran at half the CPU core clock speed. 
Follow-on "Mirrored Drive Door" sys- 
tems marked the end of the line for the 
G4 Power Mac series; they further 
evolved the memory subsystem by 
switching from SDRAM to DDR 
SDRAM. 

This project also harnessed a dual 
1.8-GHz G5 Power Mac, at the other 
end of the performance spectrum 



from the dual G4 Power Mac. This sec- 
ond-generation iteration of the platform 
includes PCI slots along with a four- 
DIMM architecture; the first-generation 
dual 1.8-GHz G5 Power Mac supported 
PCI-X add-in cards and included six DDR 
SDRAM slots. This system's FSB speed is 
half the core clock frequency (in this case, 
900 MHz), whereas the single-CPU 1.8- 
GHz G5 Power Mac ran the FSB at one- 
third the core clock rate, presumably to 
maximize the test yield for the CPU and 
other system components. The G5 
(PowerPC 970FX) CPU supports 64'bit 
addresses and data, in contrast to its 32- 
bit G4 predecessor, as well as a full-duplex 
FSB. Other enhancements include a larg- 
er, faster LI -cache subsystem, faster L2 
cache (as with the Mac Mini and Power- 
Book, not supplemented by costly L3 
cache), DDR400 SDRAM, and dual 
SATA drives in a RAID (redundant- 
array-of-independent-drives) 1 con- 
figuration. 

Version 4-2.0al5 of Apple's 
CHUD (Computer Hardware Un- 
derstanding Development) tools 
allows the user to disable nap mode 
on the PowerPC CPU. (We disabled 
nap mode for all of the benchmarks in 
this project.) On the G4 systems, it can 
also disable the L2 cache. Previous ver- 
sions of CHUD reportedly could also 
disable the L3 cache in the G4 Power 
Mac, but Version 4-2.0al5 appears to 




Figure 1 Apple's 1 .25-MHz Mac Mini (a), 1 .25-GHz G4 PowerBook (b), dual 800-MHz G4 Quicksilver Power Mac with GeeThree's 
Sweet Multiport installed (c), and dual 1 .8-GHz G5 Power Mac (d) underwent intensive benchmark scrutiny during this hands-on 
project. 
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1 Multimeters 


71/2 digits, 1000 V 1 


Audio Analyzers 


24 bits, up to 500 kS/s 


Digitizers 


8-24 bits, up to 200 MS/s 


Signal Generators 


Up to 16 bits, 200 MS/s 


High-Speed Digital I/O 


Up to 400 Mb/s 


RF 


2.7 GHz, 20 MHz RTB 


Switching 


Multiplexers, matrices, 




RF switches, relays 


Multifunction I/O 


Analog input and output. 




digital I/O, counters 
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TA SYSTEM SPECIFICATION* 


> 


Processors 


G4 Mac Mini 

1.25-GHz PowerPC 
7447A Version 1.2 


G4 PowerBook 

1.25-GHz PowerPC 
7457 Version 1.1 


Dual G4 Power Mac 
(Quicksilver) 

Two 800-MHz PowerPC 
7450 Version 2.1 


Dual G5 Power Mac 

Two 1 .8-G Hz PowerPC 
970FX Version 3.0 


Front-side 
bus 


167 MHz (32-bit, 
half-duplex) 


167 MHz (32-bit, 
half-duplex) 


133 MHz (32-bit, half-duplex) 


900 MHz (64-bit, full-duplex) 


L1 cache 


32-kbyte instruction and 
1 32-kbyte data, 1.25 GHz 


32-kbyte instruction and 
32-kbyte data, 1.25 GHz 


32-kbyte instruction and 
32-kbyte data (per processor), 
800 MHz 


64-kbyte instruction and 32- 
kbyte data (per processor), 
1.8 GHz 


L2 cache 


r 512 kbyte, 1.25 GHz 


512 kbyte, 1.25 GHz 


256 kbyte (per processor), i 
800 MHz 


,512 kbyte (per processor), 
1.8 GHz 


L3 cache 


NA 


NA 


2 Mbyte (unified), 200 MHz 


NA 


DRAM 


1 28-Mbyte (Nanya), 256- 
Mbyte (Hynix), and 1-Gbyte 
(Micron) DDR400 CL3 
SDRAM, and 51 2-Mbyte 
(Samsung) DDR333 CL2.5 ' 
SDRAM (all run at DDR333 
CL2.5 speeds in-system) 


1.5-Gbyte DDR333 CL2.5 
SDRAM (one 1-Gbyte 
SoDIMM from Kingston 
and one 51 2-Mbyte 
SoDIMM from Samsung) 


1.5-Gbyte PC-133 SDRAM 
(one 51 2-Mbyte DIMM from 
Hynix and two 51 2-Mbyte 
DIMMs from Samsung) 


3-Gbyte DDR400 CL3 
SDRAM (two 51 2-Mbyte 
DIMMs from Corsair and 
two 1 -Gbyte DIMMs from 
Samsung) 


Hard-disk 
drive 

1 

Graphics 


1 00-Gbyte Seagate 4200- 
1 rpm and 5400-rpm, 2.5-in. 
RATA, both with 8-Mbyte 
cache 

32-Mbyte AG PAT! 
Radeon 9200 


80-Gbyte Hitachi 4200- 
rpm 2.5-in. RATA, 
2-Mbyte cache 

64-Mbyte AGP ATI Mobility . 
Radeon 9600 


40-Gbyte IBM 7200-rpm 
3.5-in. PATA-100, 2-Mbyte 
cache 

, 32-Mbyte AGP Nvidia | 
GeForce2 MX 


Two 250-Gbyte Maxtor 
7200-rpm, 3.5-in. SATA- 
1 50, one with 8-Mbyte 
cache and the other with 1 6- 
Mbyte cache, RAID 1 config- 
uration using SoftRAID 
1 1 28-Mbyte AGP ATI Radeon 
9600XT 



eliminate this feature- With both the 
dual-core G4 and G5 Power Macs, 
CHUD additionally allows the user to 
disable the second microprocessor. This 
project's benchmarking exploited 
CHUD's configuration capabilities to 
more fully understand the variables that 
influence perceived system perform- 
ance- Disabling the L2 cache also 
potentially enables the CPUs to more 
closely mimic the performance of 
reduced-cache and no-cache embedded 
PowerPC processors from AMCC, 
Freescale, and IBM, along with CPU 
cores from these companies and from 



Xilinx's Virtex-II Pro FPGAs (see sidebar, 
"Embedding the Mac Mini"). 

The Mac Mini's published specifica- 
tions include a 4200-rpm, 2.5-in. hard- 
disk drive and PC2700 (DDR333) CL2.5 
(CAS, column address strobe, latency = 
2.5 clocks) SDRAM. Yet, when the sys- 
tem arrived, its System Profiler report 
revealed a 5400-rpm Seagate Momentus 
hard-disk drive, along with PC3200 
(DDR400) CL3 (CAS latency=three 
clocks) SDRAM. Initial Mac Mini user 
feedback included complaints about slow 
system performance believed to be the 
fault of the low-speed hard-disk drive, and 



it's possible that Apple has decided to 
spend the extra money for 5400-rpm 
drives to address those concerns. EDN 
ran benchmarks using both 4200- and 
5400-rpm Momentus drives to quantify 
any system-performance differences be- 
tween them, employing Bombich Soft- 
ware's Carbon Copy Cloner utility, along 
with an ADS Technologies' external 
hard-disk-drive enclosure, to make a mir- 
ror image of the in-system drive before 
doing the drive swap. 

Other Mac Mini user-performance 
grumbles centered on the 256 Mbytes of 
system memory in the base configuration, 
so EDN's benchmarks tested system- 
memory capacities of 128 Mbytes to 1 
Gbyte. Apple's public-relations contacts 
confirmed that the DDR400 memory 
would run at DDR333 speeds in the Mac 
Mini and that its presence versus 
DDR333 simply reflected relative market 
availability and cost at the time of its 
manufacture. Apple's second-generation 
Mac Minis, introduced at press time, 
bumped up the base-system memory to 
512 Mbytes at no incremental cost, so 
there likely was some truth to users' com- 
plaints with first-generation units. Both 
the hard-disk drive and memory replace- 
ments done in conjunction with this proj- 
ect required opening the Mac Mini's 



CRACKING OPEN THE CASE 

Gaining access to the guts of the Mac Mini isn't too difficult, once you 
obtain the proper tool. It's a putty knife with a paper-thin blade, believe it 
or not, and the official Apple service manual even documents it. Insert the 
putty-knife-blade edge in the gap between the bottom assembly and each 
side of the metal housing, bend it backward to spring loose the internal 
latches, and don't fear the gruesome-sounding popping noises that result. 

For a more detailed explanation (additional research is highly recom- 
mended before you proceed), search the Internet using keyword 
"mac_mini.pdf" for the Apple service manual. Other World Computing 
offers a QuickTime video clip of the procedure at http://eshop.macsales. 
com/shop/mac-mini at multiple resolutions. And PB Fixit offers a number 
of disassembly, parts- replacement, and reassembly instruction guides in 
PDF format at www.pbfixit.com/Gu ide/82.0.0. htm I. 
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POWER MANAGEMENT 



Integrated FET Switch-mode 
Charger 
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Synchronous, High-efficiency 2-A Switch-mode Lithium-Ion 
Charger Fits in 3.5 x 4.5 mm^ QFN Package 

The bqSWITCHER, the industry's first family of synchronous switch-mode battery 
charger ICs with integrated FETs, provides faster and cooler charging in portable 
applications. Ideal for high-efficiency charger designs with up to three Lithium-Ion 
battery cells in series, the bq241xx enables a small and simple solution by requiring 
only a few external components. 



Device 


Charge Regulation Voltage 


Application 


Price*^ 


bq24100 


1- cell (4.2 V) 


Standalone 


$2.10 


bq24103 


1- or 2- cell selectable 


Standalone 


$2.20 


bq24105 


Externally programmable (2.1 to 15.5 V) 


Standalone 


$3.50 


bq24113 


1- or 2- cell selectable 


System-controlled 


$2.20 


bq24115 


Externally programmable (2.1 to 15.5 V) 


System-controlled 


$3.50 



""Suggested resale price in U.S. dollars in quantities of 1,000. 




NEW! 

Power Management Selection Guide, 
Datasheets, Samples, Evaluation 
Modules, and Application Notes. 



► Applications 

All 1-, 2- and 3-cell Li-Ion 
battery-powered applications: 

- Portable DVD players 

- Portable media players 

- Handheld devices 

- Industrial equipment 

- Medical equipment 



V Features 

- Charges 1, 2 or 3 Li-Ion cells 

- Synchronous 1.1-MHz PWM 
converter 

- Highly integrated: 

- 2-A charge FETs 

- Reverse-blocking diode 

- Thermal shutdown 



I 



\ 



- Battery management 
features maximize capacity, 
cycle life and safety: 

- Accurate voltage and 
current regulation 

- Charge conditioning, 
status and termination 

- Battery detection 

- Safety timer 

- Temperature monitoring 



► Packages 

- 20-pin 3.5 x 4.5 mm2 QFN 

- Lead-free, RoHS-compatiblei 



www.ti.com/bq24100 o 800.477.8924, ext. 24100 
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enclosure, which wasn't a simple feat 
(sidebar "Cracking open the case")- 

SOFTWARE AND BENCHMARKS 

All four systems showcased in this proj- 
ect ran OS 103-9 (code-named Panther). 
However, the latest Version 2 A of Apple's 
free Xcode development tools, whose 
integrated GCC (GNU C compiler, 
http://gcc-gnu-org) Version 4 we used to 
compile the SPEC (Standard Perfor- 
mance Evaluation Corp) benchmarks, 
runs only under OS 10-4 (Tiger). There- 
fore, code compilation took place on a 
separate 15 -in. PowerBook owned by Eric 
Nedervold, a veteran Mac OS- and Java- 
application developer, who also partici- 
pated in the project. 

Xbench (www.xbench.com), a well- 
known Mac-system-benchmarking util- 
ity, tests numerous computer subsystems 
and generates detailed reports of its find- 
ings. This project used Version 1.1.3 of 
Xbench, which was released in late 
2003. Version 1.2, which was also 
released just as this article went to press, 
focused on OS 10.4 support as well as 
compatibility with Mac development 
systems based on Intel CPUs; neither 
issue affects this project's parameters. 
However, because Xbench is a Mac- 
only program, you cannot directly 



compare its results with benchmarks run 
on x86-based systems. 

Therefore, this project also encom- 
passes SPEC CPU2000 Version 1.2 
benchmarks, which are by design plat- 
form-independent. The SPEC Web site 
reveals an abundance of published SPEC 
CPU2000 results spanning multiple 
CPU architectures, including AMD and 
Intel x86, Intel Itanium, Hewlett- 
Packard PA-RISC, Sun Microsystems 
SPARC, and MIPS. But the only Power- 
PC results it lists are from IBM, and they 
come from workstations and servers. Mac- 
based results are notably absent from the 
list, and this project fills in some of the 
missing pieces. SPEC benchmarking on 
the Mac Mini employed a system config- 
uration with 1 Gbyte of system memory 
and a 5400-rpm hard-disk drive. 

As their name implies, SPECINT 
(integer) benchmarks test integer per- 
formance, and they're based on the C and 
C++ (for the 25 2. eon function) lan- 
guages. (See Table 2 at www.edn.com/ 
050915cs.) The SPECINT suite includes 
the following functions: 

• 164-gzip (reference-time- 1400) data- 
compression utility; 

• 175.vpr (reference-time- 1400) 
FPGA circuit-placement and rout- 
ing; 



• 176.gcc (reference-time- 1 100) C 
compiler; 

• ISl.mcf (reference-time- 1800) min- 
imum-cost network-flow solver; 

• 186.crafty (reference-time- 1000) 
chess program; 

• 197. parser (reference-time- 1800) 
natural-language processing; 

• 252. eon (reference-time- 1300) ray 
tracing; 

• 253.perlbmk (reference-time- 1800) 
Perl; 

• 254-gap (reference-time-1 100) com- 
putational-group theory; 

• 255. vortex (reference-time- 1900) 
object-oriented database; 

• 256.bzip2 (reference-time- 1500) 
data-compression utility; and 

• 300.twolf (reference-time-3000) 
place-and-route simulator. 

Within a single benchmark session, 
each function ran three times, and the 
SPEC software used the median score in 
its report. (Rather than average the three 
scores, it simply selects the middle one.) 
SPECFP (floating point) contains 14 
floating-point- intensive functions, writ- 
ten in a combination of Fortran- 7 7 (six 
functions), Fortran- 90 (four), and C 
(four) languages: 

• 168.wupwise (reference-time- 1600) 
quantum chromodynamics; 



LINUX: A WORK IN PROGRESS 
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we installed Terra Soft 
Solutions' YDL (Yellow Dog 
Linux) 4.01 on the system 
on a previously blank 60- 
Gbyte hard-disk drive. 
Unfortunately, we didn't get 
far in our evaluation. We 
knew that YDL 4.01 would- 
n't support the Mac Mini's 
built-in sound chip or the 
Broadcom-based WiFi 
(Wireless Fidelity) trans- 
ceiver in the integrated 
wireless module. (That 
drawback was one of the 
reasons we didn't spend 
$100 extra on this option.) 
However, one of the pri- 
mary enhancements of the 
YDL Version 4.01 over the 



support for the Mac Mini's 
more-than -two-year-old ATI 
Radeon 9200 GPU (graph- 
ics-processing unit). 

Postinstallation, the Mac 
Mini came up in a graphics 
mode in which roughly 20% 
of the screen, including the 
all-important Linux equiva- 
lent of the "start" button 
and program icons, shifted 
left off the visible desktop. 
(The Mac Mini was connect- 
ed to a Compaq TFT5030 
display.) Redefining the dis- 
play from a generic monitor 
to a generic 1024X768-pixel 
LCD, we obtained a relative- 
ly stable 640X480-pixel 
GUI, but higher resolutions 



were unavailable. The dis- 
play would still occasionally 
come up in a stretched and 
left-shifted mode, but exit- 
ing and re-entering X- 
Windows or, in the worst 
case, rebooting Linux, 
would fix it. Attempts to 
explicitly identify the GPU 
as a Radeon 9200, therefore 
using a device-specific 
graphics driver instead of 
the default generic driver, 
resulted in a garbled, illegi- 
ble output akin to a sys- 
tem's driving a progressive- 
scan display with an inter- 
laced video signal. 

In response to the display 
problem. Terra Soft's Chief 
Executive Officer Kai Staat 
comments, "The Mac Mini 
has a funky graphics card 
that is not easy to work 



with." The system would 
also randomly boot up with 
the built-in Ethernet adapter 
disabled. We also tried to 
directly run the Live DVD 
version of Ubuntu Linux 
(www.u bu ntu I i nux.org) 
Version 5.04 and had even 
less success; the system 
reset to an open-firmware 
prompt and froze when we 
selected the G4-specific 
build. When we selected the 
PowerPC generic Ubuntu 
variant, it complained about 
the GPU's frame buffer and 
refused to load X- Windows. 
Linux on the Mac Mini, we 
reluctantly conclude, 
remains not ready for prime 
time, except perhaps for the 
operating system's core 
constituency of patient 
power users. 
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• 171-swim (reference'time'3100) 
shallow'water modeling; 

• 172.mgrid (reference'time-lSOO) 
multigrid solver in a 3-D potential 
field; 

• 173.applu (reference-time-2100) 
parabolic and elliptic partial differ- 
ential equations; 

• 177-mesa (reference-time- 1400) 3- 
D-graphics library; 

• 178.galgel (reference-time-2900) 
fluid dynamics (analysis of oscilla- 
tory instability); 

• 179-art (reference-time-2600) neu- 
ral-network simulation (adaptive 
resonance theory); 

• 183-equake (reference-time- 1300) 
finite-element simulation; earth- 
quake modeling; 

• 187-facerec (reference-time- 1900) 
computer vision (facial recogni- 
tion); 

• 188-ammp (reference-time-2200) 
computational chemistry; 



• 189ducas (reference-time-2000) 
number theory (primality testing); 

• 19Lfma3d (reference-time-2100) 
finite-element crash simulation; 

• 200-sixtrack (reference-time- 1100) 
particle-accelerator model; and 

• 30Lapsi (reference-time-2600) 
problem solving regarding temper- 
ature, wind, velocity, and the dis- 
tribution of pollutants- 

Unfortunately, Xcode does not include 
a Fortran compiler, so this article does not 
include SPECFP results. Our first stab at 
compiling the SPECINT routines com- 
prehended two GCC PowerPC-generic 
speed-tailored optimizations: "OO" (for no 
optimization) and "03" (for full opti- 
mization). We ran into problems compil- 
ing the "eon" routine that a type mismatch 
in the header files caused. After more than 
a week of stop-and-go debugging, we cre- 
ated G4' and G5 -optimized compilations, 
after surmounting even more compiler- 
versus-code incompatibilities. 



Keep this information in mind as you 
peruse the following data and especially 
when comparing our results with those on 
the SPEC Web site. We're not compiler 
experts, and it's highly conceivable that by 
fine-tuning the compiler flags, a power user 
might be able to squeeze a few more per- 
centage points' worth of performance out 
of some or all of these chips. (Note that the 
SPEC license agreement expressly forbids 
altering any of the routines' source code.) 
Keep in mind, too, that both the SPEC and 
the Xbench routines ran on systems with 
full OS X images loaded — ^not a stripped- 
down, text-only-mode Darwin configura- 
tion. Specifically, the dual G4 Power 
Mac, dual G5 Power Mac, and Mac Mini 
were all running Redstone Software's 
OSXVNC server utility, which, according 
to OS X's Activity Monitor, added a vir- 
tually undetectable incremental load to the 
system. We did terminate or otherwise dis- 
able all unnecessary background functions, 
however. 



Does IBM's vision of the 
Mac Mini as an embedded- 
development platform hold 
water? This simple question 
has a complex answer. Keep 
in mind, first, that the G4 
PowerPC CPU in the Mac 
Mini has an excess of fea- 
tures compared with most 
embedded-PowerPC vari- 
ants; examples include its 
out-of-order code-execution 
support, its abundant on- 
chip cache, and its AltiVec 
SIMD (single-instruction 
multiple-data) instruction 
set. Your code performance 
profile may differ greatly 
under the G4 than with the 
CPU in your final design, 
even if they run at compara- 
ble clock speeds. 

Apple achieved the Mac 
Mini's compact size at the 
expense of expansion capa- 
bility. There's no industry- 
standard PCI or equivalent 
bus connector into which 
you can plug add-in boards; 



the developer note provides 
some information on the 
inner workings of the sys- 
tem, but Apple doesn't detail 
the pinout and timings of 
the connector that mates up 
with the optional Bluetooth- 
and-WiFi (Wireless Fidelity) 
mezzanine board (Refer- 
ence A). This dearth of inter- 
nal expansion also means, 
for example, that you're 
stuck with the ATI Radeon 
9200 graphics chip, and that 
you can bump up the sys- 
tem's main memory capacity 
to only whatever fits on a 
single DDR SDRAM DIMM. 

With respect to external 
expansion, the Mac Mini 
supports only FireWire 400- 
not FireWire 800. You'll also 
find only 10/100-Mbit Ether- 
net support; there's no 
Gigabit Ethernet capability. 
And, turning your attention 
to software, the sidebar 
"Linux: a work in progress" 
details the difficulty we had 



getting Linux to run on the 
Mac Mini, specifically with 
respect to the graphics sub- 
system. Linux-distribution 
providers will clean up such 
glitches over time, but 
they're likely to occur with 
other operating systems, 
as well. 

What about the next step: 
taking the Mac Mini directly 
to production as the hard- 
ware foundation for your 
system design? The allure of 
a fully debugged, high-vol- 
ume production board, 
especially one that in its 
base configuration costs 
less than $500, is com- 
pelling. But as a recently 
published iSuppli teardown 
report suggests, you'll be 
supporting Apple's profit 
aspirations; iSuppli estimat- 
ed the bill-of-materials cost 
for the entry- level Mac Mini 
at $274.69 ($283.37 includ- 
ing manufacturing costs. 
Reference B). 

Part of what you're paying 
for-the Mac OS X operating 



system and iLife application 
suite that come with the 
Mac Mini-you probably 
won't even end up using. 
The Mac Mini system board 
isn't in any sort of an indus- 
try-standard form factor 
(unless you count the fact 
that it snugly and, likely, 
coincidentally slips into the 
single-DIN slot of an auto- 
mobile sound system). And 
you'll be subject to the rapid 
obsolescence-and-replace- 
ment cycles of the PC busi- 
ness; don't assume you'll be 
able to buy the same Mac 
Mini configuration or, 
frankly, for that matter, any 
Mac Mini a few years down 
the road. 

REFERENCES 

□ http://developer.apple. 

com/docu mentation/ 

Hardware/Developer_ 

Notes/Macintosh_CPUs-G4/ 

MacMiniG4. 

a www.isupply.com/ 

marketwatch/defaultasp 

?id=311. 
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CAPITALIZE ON FUJITSU'S 
PROVEN DESIGN AND 
PROCESS TECHNOLOGIES. 

Reduce design risks, development costs and 
time-to-market with Fujitsu's AccelArray.™ 
An advanced alternative to the 0. 1 1 |Lim 
standard-cell ASICs, this structured 
platform and design environment is a 
high-performance, customized solution that 
offers fast turnaround, low upfront NRE 
costs and the customization benefits of 
FPGAs. Throw in Fujitsu's proven ASIC 
expertise and you have the tools you need 
to fly your design ideas past any challenge. 

ADVANCED FEATURES 

• 0.11|Lim CMOS process technology 

• Up to 3. 8M gates and 4Mbits of 
distributed dual port RAMs 

• Up to 400 DDR interface I/Os 

• 8 global clock domains and 
24 optional clocks 

• Pre-diffused macro: universal G-PHY 

• High-speed SERDES support: PCI Express, 
XAUI, Fibre Channel, SAS, SATA I and II 



Find out how Fujitsu's Accel Array™ can be the shortest 
path to optimizing your revenue. Call (800) 866-8608 or 
visit www.fma.fujitsu.coiii/accel 
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I est your power supply design knowledge as it pertains to Power over Ethernet by trying your hand at answering the three 
questions below. Check your answers at ww<w*po'werint*com/puzzler6 and enter for a chance to win a new Apple iPod Mini. 

The schematic below shows a typical Flyback PoE power supply built with a DPA-Switch® power conversion IC and a discrete 
PoE interface circuit for detection and Class classification per IEEE 802.3 af. 




I Question 1: beginner 

The PD (Powered Device) detection specification requires the PD to present an impedance of between 19 kQ and 26.5 kQ 
_ at input voltages between 2 VDC and 10 VDC. The classification stage (Class 0) requires the PD to draw a current of up to 

4 mA at input voltages of between 14.5 VDC and 20.5 VDC. Is it possible to implement Class detection and classification 
"~ features of a PD using a single passive component (XI)? What is this component and component val 



[Question 2 : advance d | 
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The PoE standard requires a wide under- voltage lockout hysteresis. The maximum cable impedance from the PSE (Power 
Sourcing Equipment) to the PD is 20 Q (up to 100 meters of cable). The PSE output voltage is nominally 44 VDC with a 
maximum continuous output current of 350 mA. At this current level, what is the voltage at the PD end of the cable? Why 
is the hysteresis important? 



[Question 3 : expert ~| 



r 



The PD inrush current should be less than 450 mA after 1 ms. This allows the input capacitors of the PD to charge during 
startup, once the PSE output voltage exceeds 30 VDC. In a particular application, the PSE is connected via a 20 cable to a 
PD with input capacitance of 3 jLlF. The PD is turned on as the PSE reaches 30 V. How long will it take for the PD input 
current to drop below 450 mA? Does the PD meet the PoE requirements? Does the circuit above require any additional 
inrush limiting components to meet the requirements? 



Recalculate the same parameters with an input capacitance of 180 jLlF. Would any additional inrush current limit circuit be 
required? ^ 1 , ^ , \ \ 1 \ \ , ^ , \ , , ^ \ , ^ 1 



The answers to these questions can he found at www.powerint.com/puzzlerG . Check out how well you did and enter to win an 
Apple iPod Mini! 
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Finally, note that the SPEC routines are 
relatively immune to brief interruptions 
from other contending system tasks, such 
as mouse movement, both because they 
run each function multiple times and use 
the median result, and because each iter- 
ation takes a long time to complete- In 
worst-case configurations, with caches and 
second CPUs disabled and running 
nonoptimized code, a single SPEC bench- 
mark iteration ran for several days. In con- 
trast, each Xbench cycle takes only a 
minute or so to complete and comprises 
numerous tests, increasing the possibility 
that an interruption might adversely affect 
one or several of them. Table 3 at 
www.edn.com/050915cs offers potential 
evidence of this corruption. One way to 
alleviate the situation would be to run 
each test multiple times to filter out the 
divergent data. 

THE RESULTS 

Looking first at the SPEC data, 
you'll notice a consistent, significant 
performance improvement when L2 
cache was enabled and a similar dra- 
matic improvement when running 



03 code versus unoptimized OO routines. 
The only PowerPC 74xx-based platform 
on which we ran the G4-'Optimized SPEC 
routines was the Mac Mini, and it result- 
ed in an unexpected performance decrease 
compared with 03 code. The lack of a 
speed boost isn't surprising; a fundamen- 
tal difference between G3 and G4 Pow- 
erPC CPUs lies in the G4's AltiVec, 
which Apple and IBM also refer to as 
Velocity Engine and VMX, respectively, 
SIMD (single- instruction multiple-data) 
instruction-set support. GCC will tap 
into this instruction set only if it finds 
explicit array data-type definitions in the 
C source code. But the root cause of the 
performance decrease with supposedly 
G4'Optimized code is unclear. 

Under SPEC, the Mac Mini and 
PowerBook numbers are nearly identical; 
the slight discrepancy is likely due to ran- 
dom run-to-run variance, and a repeat of 
the experiment might even produce the 
opposite results. Both systems' CPUs 
handily beat the PowerPC 7450 in the 
G4 Power Mac; the G4 Power Mac's L3 
cache is insufficient to counterbalance its 
lower core and FSB speeds and its slow- 
er cache and main memory. Note, too, 
that enabling the second CPU in the G4 
Power Mac offered little incremental ben- 
efit. Because we ran the SPEC bench- 
marks in their "speed" rather than "rate" 
mode, the various functions executed 
sequentially, not in parallel. Any SPEC- 
benchmarking-results benefit of enabling 
the second CPU is likely due to its abil- 
ity to handle other system functions, leav- 
ing one CPU free to focus on executing 
SPEC code. 

Similarly, the dual G5 Power Mac 
results improved only slightly when we 
enabled the second PowerPC 970FX 
CPU. However, the dual G5 Power Mac 
did much better than its G4 counterpart 
when executing CPU-optimized SPEC 
functions. Granted, there was little per- 
formance improvement with G5 -tailored 
code, but at least there wasn't the dra- 
matic performance decrease seen on the 
Mac Mini with G4'Optimized routines. 

Now, turn your attention to the 
Xbench data. One of the first things you 
might notice is its contrast with the SPEC 
case; enabling the second CPU resulted 
in a demonstrable improvement in many 
of the Xbench test results. Enabling the 
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for speed 

When it comes to embedded software 
development TASKING tools deliver: 
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EDE integrated environment for a 
rapid edit-compile-debug process 

Q CrossView Pro (OSEK) kernel-aware 
debugger for debugging in C++, C 
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NEW POWERPC ^ 
FLAVORS 

Several weeks after Apple Chief 
Executive Officer Steve Jobs 
announced the gradual conversion 
of his company's computer-prod- 
uct lines to Intel CPUs, Freescale 
and IBM introduced PowerPC 
processors that cast some doubt 
on the real motivations behind 
Apple's decision. Freescale's lat- 
est G4 CPUs, manufactured on 90- 
nm-process technology, include 
the single-core MPC7448, with 
maximum core clock speeds of 1.7 
GHz and front-side-bus speeds of 
200 MHz, and the code-compati- 
ble, dual-core MPC8641D. IBM's 
latest offerings are a low-power 
variant of the single-core 970FX 
(G5 PowerBook, anyone?) running 
at 1.2 to 1.6 GHz with correspon- 
ding power consumption of 13 to 
16W, and the dual-core, 2.5-GHz- 
maximum 970MP. 
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L2 cache also in most cases significantly 
improved the scores. Whereas the SPEC 
tests revealed little difference between 
the G4 CPUs in the Mac Mini and the 
PowerBook, the Xbench data magnifies 
the discrepancy, even if you focus only on 
the CPU-centric scores. Presumably, the 
CPU and core logic in the PowerBook are 
fine-tuned for power savings, whereas 
their counterparts in the Mac Mini are 
tailored for speed. And you'll notice that 
switching from a 4200'rpm drive to a 
5400'rpm drive in the Mac Mini boost- 
ed its hard'disk drive-related test scores. 

Not all of the Xbench data is pre- 
dictable, however. Most baffling are the 
graphics-related results. Focusing on the 
Mac Mini, the Quartz Graphics Test num- 
bers are unsurprisingly higher in all cases 
with the L2 cache enabled, but the results 
also increase on the 4200'rpm hard-disk 
drive-equipped system when system 
memory grows beyond 128 Mbytes. You 
might think, as we initially did, that this 
situation occurs because the graphics 
accelerator employs system memory as its 
frame buffer, but an ATI spokesperson con- 
firms that the Radeon 9200 GPU (graph- 
ics-processing unit) has a dedicated 32- 
Mbyte video-memory array. Perhaps the 
poorer results with 128 Mbytes of system 



memory are due to DRAM- influenced 
constraints elsewhere in the system. One 
outstanding question is why almost all of 
the Mac Mini Quartz Graphics numbers 
are lower when the system is equipped with 
a 5400-rpm hard-disk drive. The OpenGL 
Graphics tests with a 5400-rpm drive ver- 
sus a 4200-rpm equivalent reveal a simi- 
lar performance decrease, and the 5400 
rpm numbers are generally irregular; in one 
case, the results were actually better with 
the L2 cache off! 

Unfortunately, the memory tests didn't 
quantifiably expose the often-dramatic 
system-performance improvements that 
we perceived when we incremented sys- 
tem DRAM. With 128 Mbytes of mem- 
ory inside, the Mac Mini was as slow as 
molasses, both to initially boot and to sub- 
sequently toggle between applications 
(especially when coupled with a 4200- 
rpm hard-disk drive). Switching to a 256- 
Mbyte DIMM noticeably improved both 
attributes, and a further increase to 512 
Mbytes made yet another incremental 
step-up, albeit not as dramatic as its pred- 
ecessor. The final increase, to a 1-Gbyte 
DIMM, resulted in no detectable im- 
provement, although, in a heavily loaded 
system with many applications simulta- 
neously running, the difference between 
512 Mbytes and 1 Gby te of DRAM might 
have been more noticeable.EDN 
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One design 
fils all 

WITH THE LATEST FPGA TECHNOLOGY AND DROP-IN 
CONFIGURATION COMPONENTa ONE BOARD DESIGN MAY 
SUFFICE FOR HUNDREDS OF EMBEDDED-SYSTEM APPLICATIONS. 

Although board designers have for years used FPGAs 
(field-programmable gate arrays) to interconnect 
system components, the latest high-density devices 
are powerful enough to also replace the processors, 
memory, custom logic, and many peripherals of a 
typical embedded-system project. These new sys- 
tem-level or platform FPGAs allow designers to create standard 
hardware designs that they can tweak as new requirements emerge 
or that they can reconfigure for different applications. For high-per- 
formance projects with parallel computation requirements, a single 
platform-FPGA-board design may replace a chassis full of conven- 
tional computer boards. Yet, with the amazing capabilities of these 
new devices, designers must carefully analyze performance, power, 
and cost boundaries to determine when FPGA designs make sense. 



Figure 1 Mentor Graphics' FPGA 
Advantage is a vendor-neutral HDL-design 
tool for design creation, simulation, synthe- 
sis, management, and documentation. 



In their simplest form, FPGAs are 2- 
D arrays of logic blocks with electrically 
programmable interconnections- Al- 
though the exact makeup differs for each 
FPGA vendor, logic blocks consist of 
transistor pairs, combinations of basic log- 
ic gates, multiplexers, or multiple-input 
look-up tables- Users can configure both 
the interconnection paths and the func- 
tions of each logic block by designating 
the value of built-in programming ele- 
ments- Logic blocks can be a simple tran- 
sistor, groups of combinational and se- 
quential logic functions, or a complex mi- 
croprocessor- 

FPGA vendors have adopted several 
techniques for programming the inter- 
connections and logic blocks- One of the 
simplest methods, the antifuse, creates a 
low-resistance link when you apply a high 
voltage across its terminals- The antifuse 
consumes little area but requires extra cir- 
cuitry for programming- Advantages in- 
clude low series resistance and low para- 
sitic capacitance, but the main disad- 
vantage is that an antifuse FPGA is a 
write-once device and therefore not re- 
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AT A GLANCE 

El FPGA designs allow embedded- 
system developers to reuse the 
same hardware for prototypes, revi- 
sions, and next-generation products. 



El Although the per-unit price is high 
for FPGA devices, their parallel-pro- 
cessing features may reduce overall 
hardware requirements. 



El FPGA vendors are extending per- 
formance by combining traditional 
logic blocks with high-bandwidth 
processors, memories, and custom 
circuitry. 



El Off-the-shelf IP (intellectual-prop- 
erty) cores from vendors, third-party 
suppliers, and the open-source com- 
munity simplify FPGA-design-configu- / 
ration tasks. / 

configurable- Static-RAM cells also en- 
able or disable pass transistors to program 
FPGA topology. Although at least five 
transistors are necessary to implement a 
memory cell, SRAM technology provides 
fast reprogrammability- SRAM-based 
FPGAs also require an external boot de- 
vice to set the memory on power-up- De- 
signers also use EPROM, EEPROM, and 
flash-memory technologies to program 
FPGAs with the advantages of repro- 
grammability and elimination of the ex- 
ternal boot-up device. Programmable 
FPGA interconnections are generally 
slower than the permanent wiring a cus- 
tom chip uses- Because the pass transis- 
tor is not a zero-resistance switch and 
FPGA interconnections are somewhat 
longer than necessary for a custom chip, 
the extra capacitance and resistance re- 
duce bandwidth. 

All FPGA vendors provide or offer 
compatibility with free or low-cost de- 
sign-automation tools to capture system 
configurations. Designers may describe all 
or portions of their FPGA circuitry using 
an HDL (hardware-description lan- 
guage), such as Verilog or VHDL. Once 
the designer has defined the design, ad- 
ditional tools implement the design on a 
given FPGA. This process includes pow- 



er and configuration optimizations: 
hardware partitioning, place 
ment, and interconnection 
routing follow the opti 
mizations. The output of 
the design- implemen- 
tation phase is a bit- 
stream file. 

The design-verifica- 
tion phase employs a sim- 
ulator to check the design's 
functions and maximum clock frequency. 
The final stage is to load the design onto 
the target FPGA for testing in the actu- 
al hardware environment. 

BRAIN CODE 

The growing complexity and density 
of FPGA products have created a market 
for modular functional blocks of HDL 
code that designers can incorporate into 
their products. These functional blocks, 
commonly referred to as IP (intellectual- 
property) cores, allow manufacturers to 
reuse circuit elements from previous de- 
signs or simply purchase functions from 
an outside source. Examples of IP cores 
include UARTs, DSPs, Ethernet inter- 
faces, bus interfaces, and even micro- 
controllers. Manufacturers physically im- 
plement hard- IP cores directly onto the 
silicon of an FPGA; they provide soft 
cores as HDL code that is portable across 
multiple devices. 

IP cores are available from FPGA ven- 
dors; from third-party suppliers; or as 
freely available open-source HDL code 
from sources, such as www.opencores. 
org. Commercial IP is usually fee-based 
and includes documentation, verification 
tools, and support. According to Martin 
Mason, director of flash-product market- 
ing at Actel, "We have two business mod- 
els for our IP, depending on customer 
needs. We offer a per-use or site license 
that varies from as little as $200 to more 
than $10,000, depending on the com- 
plexity of the property. Additionally, we 
offer a hard- IP core for an ARM-based 
microcontroller that you order by special 
part number, and the per-unit cost of the 
part includes the fee for the IP." 

Major FPGA vendors Xilinx and Al- 
tera, which hold more than 80% of the 
market share, provide extensive IP li- 




Figure 2 Altium Designer integrates board- 
and FPGA-level system design, embed- 
ded-software development, and pc-board 
layout within a single user environment. 



braries for their products. Although 
smaller, more specialized vendors, such as 
Lattice, Actel, Cypress, Quicklogic, and 
Atmel, share the rest of the market, they 
also provide IP libraries. For example, Xi- 
linx recently upgraded its popular Mi- 
croBlaze soft-IP-core processor to deliv- 
er 200-MHz performance in Virtex-4 
FPGAs. The 32-bit RISC core includes 
an optional IEEE-754-'Compatible float- 
ing-point unit that allows embedded-sys- 
tem developers to accelerate system per- 
formance by as much as 120 times over 
software emulation. The MicroBlaze 
processor is also scalable, so designers can 
tune performance to match the require- 
ments of target applications and choose 
greater mathematical accuracy when 
needed. In addition, the processor offers 
ready-to-use, prebuilt configuration op- 
tions such as pattern-compare instruc- 
tions for faster location of string, byte, or 
word matches. The MicroBlaze soft 
processor core is available as part of the 
$495 Xilinx EDK (embedded develop- 
ment kit). In addition to the MicroBlaze 
core, the EDK includes a set of system 
tools to design embedded-system appli- 
cations for Xilinx FPGAs. 

Although platform-FPGA capabilities 
are skyrocketing, designers should con- 
tinue to evaluate general-purpose or cus- 
tom alternatives. One of the often-cited 
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drawbacks of FPGA technology is the ad- 
ditional power it requires compared with 
a general'purpose processor or custom 
ASIC. Most of the traditional SRAM- 
based FPGAs have standby currents in 
excess of 100 mA, which rules out most 
battery-operated'System applications- 
Likewise, because of the resistance of muL 
tiple-pass transistors and longer connec- 
tion paths, FPGA-based products are also 
somewhat slower than conventional de- 
signs- Without taking the development 
time of other approaches into account, 
the cost of FPGA technology is substan- 
tially higher. For example, devices in Al- 
tera's latest FPGA family cost $190 to 
$9350, depending on the number of gates 
and I/O pins. 

SECURE DESIGNS 

Design security is another concern for 
FPGA developers. In some cases, espe- 
cially for SRAM designs that store con- 
figuration information and transfer it to 
the FPGA on power-up, IP information 
is vulnerable. Designers may spend 
months developing proprietary algo- 
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Figure 4 The Tsunami PC1 04 platform 
from SBS Technologies gives users an 
Altera Stratix FPGA on a 32-bit, 33-MHz 
PCI interface for custom processing. 



rithms and configurations only to reveal 
the design to competitors or copycats 
with the first production unit. To combat 
IP loss, FPGA vendors use nonvolatile 
programming techniques along with em- 
bedded serial numbers to trace counter- 
feit products. Actel's Mason boasts, "We 
have a sophisticated security mechanism 
to protect internal IP. We have many cus- 
tomers that come to Actel for custom- 
marked devices, load their custom IP, and 
sell them as their own parts. We have no 
problem with that business model." 

One of the most formidable obstacles 
to adopting FPGA technology is the steep 
learning curve associated with develop- 
ment tools. Mentor Graphics tackles this 
problem by offering the vendor-neutral 
FPGA Advantage integrated HDL-de- 
sign environment. The tool enables de- 
sign creation, simulation with debugging 
and analysis, synthesis, management, and 
documentation as a smooth-flowing op- 
eration from one step to the next. Inter- 
changeable textual, tabular, and graphics 
editors allow designers to select their most 
comfortable environment (Figure 1). 
Prices for FPGA Advantage start at 
$12,000. Mentor also offers I/O Design- 
, a development tool that integrates the 
FPGA- and pc-board-design processes 
to minimize the number of signal lay- 
ers and maximize signal data rates. 

Altium is another tool vendor 
combining FPGA- and pc-board 
design. Nick Martin, founder and chief 
executive officer of Altium, explains: 
"The history of electronics charts a con- 
tinuous movement toward designing at 
higher levels of abstraction to efficiently 
contend with increasing levels of com- 
plexity. Microprocessors and digital-de- 
sign paradigms allowed portions of the de- 
sign problem to move into a highly fluid 
and easily updatable realm: software. To- 
day, the availability at relatively low cost 
of high-capacity, high-performance pro- 
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Figure 3 The Model 71 40 PMC module 
from Pentek combines digital-radio trans- 
ceivers with a Virtex ll-Pro FPGA with 
room for user-defined DSP functions. 



grammable devices, such as FPGAs, is 
again shifting the balance and allowing 
previously fixed design elements, such as 
the processor and its peripheral compo- 
nents and logic blocks, to move into a 
'soft' domain." Altium Designer provides 
a single unified application that claims to 
have all the technologies and capabilities 
necessary for complete electronic-product 
development. Altium Designer integrates 
board- and FPGA-level system design; 
embedded-software development for 
FPGA-based processors; and pc-board 
layout, editing, and manufacturing with- 
in a single design environment (Figure 
2). Unlike with HDL-design tools, elec- 
tronics engineers and board-level de- 
signers can use Altium Designer without 
the help of dedicated HDL experts or 
specialized FPGA designers. The full- 
licensing option, which gives access to 
all Altium Designer capabilities, costs 
$11,995. 

PIMP MY BOARD 

Embedded-board vendors have also 
adopted FPGA technology to offer cus- 
tomers off-the-shelf, reconfigurable de- 
signs. Pentek Vice President Roger 
Hosking comments, for example, "We 
have designed FPGAs into our boards for 
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The CS42L51 delivers excellent 
audio performance while providing 
portable device developers with an 
innovative solution that maximizes 
battery life while minimizing end- 
product form factors. The CS42L51's 
key distinction is that it operates 
from a single, 1.8 V power supply for 
low-power consumption, yet delivers 
plenty of output power, 46mW, into 
stereo 16 Q, headphones for a great 
listening experience. This highly 
integrated 24-bit, 96-kHz stereo 
CODEC is based on a multi-bit 
Delta-Sigma architecture which 
allows infinite sample-rate adjustment 
between 4 kHz and 100 kHz. 
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By generating its own on-chip 
negative power supply voltage, the 
CS42L51 provides ground-centered 
outputs, which eliminates costly, 
space-consuming DC blocking 
capacitors required by some com- 
peting solutions. The elimination 
of these capacitors not only reduces 
the implementation cost but it also 
greatly simplifies product design and 
saves valuable circuit board space. 

This next-generation CODEC is an 
ideal choice for any portable audio 
product developer. For complete 
specifications and to register for a 
free sample, visit our web site today. 
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years but only recently have we offered 
customers the option of reconfiguring 
those circuits- We use only 5 to 10% of 
an FPGA for standard board operations, 
such as signal routing, and the remaining 
resources are available. Now, customers 
can incorporate sophisticated algo- 
rithms, such as fast Fourier transforms, fil- 
ters, demodulators, and digital receivers- 
We also offer IP-core libraries primarily 
for software radios- We are working on a 
high'density channelizer, which provides 
256 narrowband digital receivers in a sin- 
gle FPGA. An equivalent circuit using 
today's four-channel ASIC downcon- 
verter would require 64 discrete pack- 
ages — a huge difference in cost, space, 
and power. An FPGA delivers high den- 
sity, but if you don't need it, use an ASIC 
or a general-purpose DSP." 

Pentek recently introduced an FPGA- 
based software-radio transceiver module 
suitable for connection to the IF or RF 
ports of a communication system. The 
Model 7140 PMC module combines both 
transmitting and receiving capabilities 
with a high-performance Virtex Il-Pro 
FPGA and supports the emerging VITA 
(VMEbus International Trade Associa- 
tion) 42 XMC standard with optional 
switched-fabric interfaces for high-speed 
I/O (Figure 3). In addition to acting as a 
simple transceiver, the module can per- 
form user-defined DSP functions on the 
baseband signals. Such functions include 
demodulation/modulation, decoding/en- 
coding, decryption/encryption, digital de- 
lay, and channelization of the signals be- 
tween reception and transmission. Pen- 
tek's GateFlow FPGA Design kit provides 
designers with all VHDL source code and 
device configuration for the basic facto- 
ry-installed functions to facilitate the 
addition of custom algorithms. Prices for 
the Model 7140 PMC module start at 
$6995. 

Aimed at leveraging FPGA processing 
into small embedded systems, the Tsuna- 
mi PC 104 platform from SBS Technolo- 
gies is suitable for mobile cart-based sys- 
tems, machine-sensor applications, and 
control-I/O applications (Figure 4). The 
PC/ 104 Plus processor includes an Altera 
Stratix FPGA on a 32-bit, 33-MHz PCI 



interface, with enough memory and high- 
bandwidth datapaths to make full use of 
the processing power of the Stratix chip. 
"FPGA-based processing power comes 
from ASIC-like efficiency of software re- 
programmable logic and the ability to par- 
allel-process multiple streams of data," 
says Ron Strauss, vice president of SBS 
Canada. "If your embedded application 
requires the resources of multiple CPUs 
or DSPs to process the required data rate 
and algorithm complexity, you should in- 
stead be considering an FPGA-comput- 
ing approach." The Tsunami PCI 04 Plus 
costs $4500 as a stand-alone board or 
$6000 with the Wave FPGA software- 
development-tool kit. 

With today's short product life cycles, 
embedded-system designers need ways to 
create multiple system configurations 
with minimum custom hardware. FPGA- 
based products offer designers that flexi- 
bility. The reduced risk, shorter design cy- 
cles, and minimized nonrecurring-engi- 
neering charges of FPGA projects offer 
many advantages over ASIC-based de- 
signs. However, the added recurring cost 
and power required for FPGA designs lim- 
it their application to high-performance, 
multichannel projects.EDN 
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By Richard A. Quinnell 



FOR THE LAST FEW YEARS THE MEDIA has debated 
which Flash memory technology, NAND or NOR, will 
emerge as the market winner. This discussion implies 
that the different Flash technologies are essentially 
interchangeable in applications, making 
the two direct competitors for design 
wins. The reality is, the two technolo- 
gies address different needs. 

Understanding the differences be- 
tween the technologies begins with their 
names. The original approach to Flash 
memory followed the structure of other 
semiconductor memories, which achieve 
random access by connecting the 
memory transistors to the bit lines in 
parallel. Each transistor has a word line 
and a bit line connection. In this arrangement, if the word line 
turns on any memory transistor, the transistor connects drain 
to source and the corresponding bit line goes low. The logic 
function is similar to that of a "wired NOR", hence the name 
NOR for this arrangement. 

In 1987, Toshiba proposed the NAND Flash, and its cell 
structure is arranged as eight memory transistors in series. The 
transistors are normally on, connecting drain to source through 
the series and keeping the bit line low. If the word line turns off 
any memory transistor, the transistor breaks the series connec- 
tion and the bit line goes high. The logic function is similar to 
that of a NAND gate. 

NAND vs. NOR Performance Comparison 



THE TWO MAIN FLASH 
MEMORY TECHNOLOGIES, 
NAND AND NOR, ARE OFTEN 
VIEWED AS COMPETITORS 
BUT EACH ADDRESSES A 
DIFFERENT APPLICATION 
REQUIREMENT. 



These two structures result in differing attributes for the 
memory devices. The NOR Flash offers fast read access because 
its memory cells have relatively low resistance. Further, it follows 
conventional memory architectures, so its behavior in a system 
mimics that of SRAM, making it easy to 
design in. File storage and retrieval requires 
only minimal software, most of which is 
associated with Flash's need to erase a cell 
before writing to it. 




Erase 



NAND 
SLC 



NAND 
MLC 



NOR 
MLC 




Currently AvaHable Toshiba Flash Densities 



Slow 



Flash Type 


Density Organization Page Size 


NAND 


256Mf} 

IGU 

2Gb 


32MX8 
1281V! X8 
256MX8 


528 bytes 
2112 bytes 
21 12 bytes 


NOR 


IGMb 
32Mb 
64Mb 
128Mb 


2Mx8/ 1Mx16 
4Mx8/2Mx16 
8Mx8/4Mx16 
16Mx8/8Mx16 





Figure 1. NAND and NOR Flash architectures have different performance 
characteristics, with NOR having the edge in read speed while NAND 
offers faster write and erase. 

SOURCE: TOSHIBA 



NOR reads fast, writes slow 

The drawback of the NOR arrangement is 
that writing to cells must be done individu- 
ally. Writing can take many microseconds 
each time it is performed. As a result, writ- 
ing blocks of data to a NOR Flash takes a 
relatively long time because you cannot program a large number 
of bits simultaneously. 

The NOR Flash also has the disadvantage that its memory 
cell is larger than that of the NAND Flash. Because each tran- 
sistor has its own connection to the bit line, the cell requires 
more metal-layer contacts, making the transistors occupy 
more die area than in NAND cells, which connect in series in 
silicon. Because metal-layer connections are the limiting 
factor in scaling, the NOR Flash always lags NAND Flash in 
achievable bit density. 

The NAND Flash structure allows a page of data to be 
programmed simultaneously. A page size is typically 2,112 Bytes 
or 16,896 bits. This greatly speeds write times. On the other 
hand, the higher resistance of a series connection, compared to 
the parallel connection used in NOR Flash, means that the 
NAND bit lines are relatively slow to change state, limiting read 
access speeds. (See Figure 1.) 

But NAND Flash does not offer a conventional memory 
interface. Controlling a NAND Flash is similar to controlling an 
I/O device in that device control is achieved by writing to the 
NAND Flash's internal registers. A command sequence is 
required in order to perform a read, program, or erase operation. 
An advantage of this indirect interface is that it enables migra- 
tion to higher chip densities with no change in pinout. 

NAND writes fast, reads slower 

Block access also makes NAND Flash unsuitable for truly 
random access use, such as execution in place (XI P) of program 
code. If NAND Flash is used for code storage, the system needs 
to copy the code to RAM in order to execute the code. NOR 
Flash allows XI R 

A major advantage of NAND Flash, beyond erase and write 
speed improvements, is that the NAND Flash cell structure uses 
less die area per bit. This allows a higher bit density for a given 
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fabrication process and a lower cost per bit for NAND Flash as 
compared to NOR Flash. 

These relative advantages and limitations make NAND 
and NOR Flash architectures suited to different applications. 
NOR Flash performs better than NAND Flash in code storage 
applications, where read speed is the most critical parameter. 
Further, NOR's ability to support XIP means that no addi- 
tional memory needs to be involved in order to run the stored 
code. Code storage typically does not require the highest 
density memory, so the cell size restrictions are not signifi- 
cant in this application. 

NAND Flash performs best in data storage applications. 
It was originally developed to function like and replace 
magnetic storage, such as disk drives. In data storage, write 
speed is the most important performance parameter, so the 
speed advantage of NAND Flash makes it the best architec- 
ture for data storage. Read speed is a secondary concern in 
data storage, although it should be at least as fast as the write 
speed. The read speed of any Flash memory is greater than its 
write speed, however, so the performance of NAND Flash 
meets the read requirements of data storage, as well. 

Capacity, however, is a critical concern in data storage. 
Data storage can require thousands of times the capacity 
needed for code storage. As a result, both total capacity and 
cost per bit become important for data storage needs. The 
smaller cell size of NAND Flash further points to this archi- 
tecture as the best choice for data storage. 

Flash types fit different applications 

The differing application strengths for Flash architectures thus 
allows for both NOR and NAND to co-exist in the market, and 
even in the same design. In a cell phone, for example, NOR Flash 
can serve as code storage where the memory's XIP capability 
eliminates any need for shadow RAM. NAND Flash can serve as 
data storage for large memory files such as photos and video. 

The situation may eventually change, however. NOR 
Flash is increasing in density and in write speed with each 



ADDITIONAL 

INFO 

To learn more about Flash 
memory visit www.etin.com/ 
NANDflashmemory 

For more Information on 
Toshiba's NOR anti NAND Flash 
go to www.toshlba.com 



process generation. Although NOR will never catch up to 
NAND, these density increases allow NOR to stay ahead of 
increasing storage requirements in smaller applications. For 
those applications, NOR's design simplicity gives it a cost 
advantage over NAND Flash. 

NAND Flash, on the other hand, continues to lead in 
cost, density, and write performance. The existence of a 
powerful NAND Flash controller 
is making design-in easier, so for 
larger applications NAND Flash 
becomes the lower cost option. 

The largest single market 
for Flash memory is the cell 
phone, and high-end cell phones 
are using ever faster processors. 
These processors are beginning 
to force use of shadow RAM for 
code storage regardless of the Flash in use because no Flash 
technology is keeping pace with high-end processor read 
speeds. In addition, high-end cell phones are increasing their 
need for data storage to provide feature convenience. The 
addition of cameras, movies, MPS audio, gaming, and 
Internet access to phones requires significant amounts of 
low-cost storage. 

These trends are affecting the sweet spot for Flash 
memory. The high performance applications are beginning to 
favor NAND Flash for both code and data storage. NOR will 
still have a home in low-performance code storage, however, 
so both architectures will continue to co-exist in the market. 
All that remains uncertain is when the high-volume markets 
will switch to NAND alone. ■ 



ABOUT THE EDITOR: Richard A. Quinnell was an 
embedded systems designer for 15 years before turning to 
technology journalism. He was a staff writer for EDN for 10 
years and is now a contributing editor and feelance writer 
for a number of high-tech publications. 
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With MLC NAND, 
your application 
won't be stretched 
between cost and 
performance. 
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"You don't choose standards as a career. 
You choose technology. IEEE members are 
developing technology standards that will 
change the way the world works." 

Jim Carlo, IEEE Senior Member 

Former Chair, IEEE 802® - the foundation for 
Wi-Fi, Ethernet and WirelessMAN™ standards 



IEEE Members: Driving Technical Innovation. Join us. 
www.ieee.org/member 




Intersil High Speed Op Amps 



High Performance Analog 




World's Smallest Video Driver 



ISL59110 and ISL59111 8MHz rail-to-rail composite video drivers meet the high demands of micropower and 

bandwidth in battery-operated applications 



Ideal for driving composite video out in portable media players 






J 



,ale 




Actual Size 
1mm X 1.5mm 



^ Slew rate of 40V/|js ) 



■"--n — I — rm 
Vdd=+3.3V 
RL=150a 
Ci_=5pF 



mr 



1 I mini 



Key Features: 

Available in SC-70 package or smallest 1 mm x 
1 .5mm chip scale package 
Low supply current of 2mA and power-down 
current of less than 3|jA saves battery life 



3rd order 8MHz reconstruction filter 
1 provides sharp cutoff to prevent leaking 
of DAC sampling frequency into video 

fffjj 

' i iT 



III i I 

-3dB BW 
@ 7.8MHz" 



100K 1M 10M 

FREQUENCY (Hz) 



100M 



3.0 
2.9 
2.8 
2.7 
2.6 
2.5 
2.4 
2.3 
2.2 
2.1 
2.0 



Low power consumption - operates 
from +2.5V to +3.6V with an ultra-low 
2mA quiescent current 










1 1 

~~ NO LOAD 
NO INPUT 
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2.5 2.6 2.7 2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 
SUPPLY VOLTAGES (V) 



GAIN vs FREQUENCY -SdB POINT 



SUPPLY CURRENT vs SUPPLY VOLTAGE 
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Intersil -An industry leader in switching regulators and amplifiers. 
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World's Fastest Triple Differential Driver 

EL5378 (EL5178) 700MHz Differential Twisted-Pair Drivers 



Fixed gain version sfiown 
Programmable gain version available 




EL5378 



50Q 









50Q^ 







EL5375 



IVOUT 



Receiver feedback 
resistors are external 



Key Features: 




700MHz 



Fully differential inputs, outputs, and feedback 

Differential input range ±2.3\/ 

700MHz 3dB bandwidth 

1000\//|js slew rate 

Low distortion at 5MHz 

Single 5V or dual ±5V supplies 

60mA maximum output current 

Low power - 12.5mA per channel 
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HIGH PERFORMANCE ANALOG 



Intersil - Amplify your performance with advanced signal processing. 
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World's First 30V, >200MHz Quad Voltage 

Feedback Amplifier 



ISL55002 and ISL55004 high voltage unity-gain stable op amps 















\ ' n i j. 1 i ! } 111 , 







Oscilloscope 





Industrial Temp 
Sensors, Flow 
Meters 



< 

o 

Q 
LU 
N 



O 
Z 




100K 



High Output Swing: ±1 3.5V t 



iini. 

220MHz Bandwidth 



1M lOM 100M 

FREQUENCY (Hz) 



5V/DIV 



40ns/DIV 



+15V M- 




High Supply 
Voltage: ±15V 



-15V 



Key Features: 

— 220MHz -3dB bandwidth 
Unity-gain stable 

^ Wide output swing 

^ Low supply current: 9mA @ Vg = ±15V 
Wide supply range: ±2.5V to ±1 5V (dual 
supply) and 5V to 30V (single supply) 

^ High slew rate: 300V/|js 

^ Fast settling: 75ns to 0.1 % for a 1 0V step 



Intersil - Amplify your performance with advanced signal processing. 
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Low Power Quad Current Feedback 
Amplifier Drives Resolutions Beyond QXGA 





Bandwidth ofSOOMHz 
allows support for up to 
1Gbps digital signals 



5000V/|js slew rate 
intoa 150^^ load 



Low power with 8mA per 
amplifier driving a video load 




— 



Single and dual supply 
voltage from +5Vto+12V 
and supply current of 1 .5mA 



7/" 



ih-Vv— 



Ih^A — 



\\-^ — 



Integrates 4 ultra-fast amplifiers onto a single IC 
for space-constrained applications 




Video Amplifiers - High Speed (>50MHz) 



Device 


# of Amps 


BW@ 
•3dB(MHz) 


Slew Rate 
(V/MS) 


Vs 
(min)(V) 


Vs 
(max)(V) 


(nV/^Hz) 


GainAv 
(min)(V) 


Is (per amp) 
(mA) 


'out 
(mA) 


VoUT 

(V) 


Vos 
(max) (mV) 


EL5160. EL5161 


1 


200 


1700 


±2.5 


±5.5 


4 




0.75 


70 


±3.4 


5 


EL5260, EL5261 


2 


200 


2000 


±2.25 


±6.6 


4 




0.75 


70 


±3.4 


5 


EL5360 


3 


200 


1700 


±2.25 


±6.3 


4 




0.75 


70 


±3.4 


5 


EL5162, EL5163 


1 


500 


4000 


±2.5 


±5.5 


3 




1,5 


100 


±3.6 


5 


EL5262, EL5263 


2 


500 


2500 


±2,25 


±6.6 


3 




1,5 


100 


±3.6 


5 


EL5362 


3 


500 


2500 


±2.25 


±6.3 


3 




1,5 


100 


±3.6 


5 


EL5462 


4 


500 


4000 


±2.5 


±5.5 


3 




1.5 


100 


±3,75 


1.5 


EL5164, EL5165 


1 


600 


4700 


±2.5 


±5.5 


2.1 




3.5 


140 


±3.8 


3.5 


EL5364 


3 


600 


4200 


±2.25 


±6.3 


2 




3.5 


140 


±3.8 


5 


EL5191 


1 


1000 


2800 


±2.25 


±5.5 


3.8 




9 


120 


±3.7 


15 


EL5367 


3 


1000 


5000 


±2.25 


±5.5 


1.7 




8,5 


160 


±3.8 


5 


EL5166 


1 


1400 


6000 


±2.5 


±5.5 


1.7 




8,5 


160 


±3,8 


5 



Intersil - Amplify your performance with advanced signal processing. 
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1GHz Component Video MUX 




Key Features: 

^ Set to gain-of-1 (fixed) ±5V operation 

^ High-speed 3-state outputs ^ 1 GHz -3dB bandwidtli 

^ Power-down mode ^ QFN packaging 



Video l\/IUXes with Integrated Op Amps 



Device 


Configuration 


BW@ 
•3dB (MHz) 


SR 

(V/MS) 


Is 
(V) 


GainAv 
(min)(V) 


'out 
(mA) 


Diff Gain 

(%) 


Diff Phase 

(°) Package 


ISL59420 


2to1 


500 


900 


5 


1 10.0 


0,05 


0,05 


10 Ld MSOP 


ISL59440 


4to1 


500 


900 


7 






100 


0.05 


0.05 


16 Ld QSOP 


ISL59421 


2to1 


1000 


1500 


10 






100 


0.05 


0.05 


10 Ld MSOP 


ISL59441 


4to1 


1000 


1500 


14 






100 


0,05 


0.05 


16 Ld QSOP 


EL4340 


Triple 2 to 1 


500 


900 


11 






100 


0.05 


0.05 


24 Ld QSOP 


EL4342 


Triple 4 to 1 


500 


900 


16 






100 


0.05 


0.05 


32 Ld QFN 


ISL59424 


Triple 2 to 1 


1000 


1500 


22 






100 


0,05 


0.05 


24 Ld QFN 


ISL59445 


Triple 4 to 1 


1000 


1500 


32 






100 


0,05 


0.05 


32 Ld QFN 


Switches 


































Device 


Configuration 


RoN@5V 

i^) 


If 


T(OFF} 

(ns) 


BW@ 
-3dB (lUIHz) 


Off Cap 
(pF) 


On Cap 
(pF) 


Is 
(MA) 


(V) 




Package 


ISL43110 


Single NO 




11 




37 


21 


220 




15 


40 


0.05 


+2,4 to +12 




5 Ld SOT-23, 8 Ld SOIC 


1SL84514 


Single NO 




13 




47 


28 


220 




14 


30 


2 (Max) 


+2.4 to +12 




5 Ld SOT, 8 Ld SOIC 


1SL43144 


Quad NO 


18 


52 


40 


330 




10 


34 


0.01 


+2 to +12, ±2tc 


±6 


16 Ld QFN, 16Ld TSSOP 


ISL8392 


Quad NO 


20 


60 


30 


330 




12 


34 


0.01 


+2 to +12, ±2 to ±6 


16 Ld SOIC 


ISL43210 


Single 2x1 




19 




25 


17 


500 




8 


28 


0.05 


+2.7 to +12 




6 Ld SOT.23 


1SL43231 


Triple 2x1 




81 




32 


18 




250 




3 


14 


0.1 


+2 to +12. ±2 to ±6 


20 Ld QFN 


ISL84053 


Triple 2x1 




.125 




50 


40 




250 




3 


14 


0.1 


+2 to +12, ±2tc 


±6 


16 Ld QSOP, 16 Ld SOIC 


ISL43240 


Quad 2x1 




30 




52 


40 




330 




10 


30 


0.01 


+2 to +12. ±2 to ±6 


20 Ld QFN, 20 Ld SSOP 


ISL8394 


Quad 2x1 




25 




50 


30 




330 




12 


39 


0.01 


+2 to +12, ±2 to 


±6 


20 Ld SOIC 


ISL43640 


Single 4 x1 




115 




25 


24 




350 




4 


20 


0.0001 


+2 to +12 




IDLd MSOP, 16 Ld QFN 


ISL43840 


Dual 4x1 


81 


32 


18 




250 




3 


18 


0,1 


+2 to +12, ±2 to 


±6 


20 Ld QFN 


ISL43841 


Dual 4x1 


81 


32 




18 




250 




3 


18 


0.1 


+2 to +12, ±2 to 


±6 


20 Ld QFN 


ISL43741 


Diff4x1 


81 


32 




18 




280 




3 


18 


0.1 


+2 to +12, ±2 to +6 


20 Ld QFN 


ISL43681 


Single 8x1 


81 


32 




18 




250 




3 


26 


0.1 


+2 to +12, ±2 to +6 


20 Ld QFN 
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Eliminate Extra Voltage Supply with 
Integrated Triple +3.3V Video Buffer 

The ISL59830 triple video buffer delivers DC-accurate coupling of video onto a 75Q double-terminated line, 

and 300MHz of -3dB bandwidth performance. 



ISL59830 Functional Block Diagram 



The ISL59830 runs on 3.3V, 
eliminating tlie need for an 
additional 5V supply voltage. 



With integrated 6dB buffers, the 
only external components required 
are 75Q. termination resistors. 



750. 




ISL59830 eliminates 
the need for output DC 
blocking capacitors. 



ISL59830 eliminates the 
' need for switching regulator 
--^ or charge pump in split rail 
I implementation by integrating 
i on-board regulation. 



Key Features: 

^ Triple single-supply buffer 

^ Operates from single +3.3V 
supply 

^ Eliminates need for DC 
blocking capacitors 

■ — Fixed gain of 2 output buffer 

— Output 3-statable 

^ Enable/disable functions 

— 50MHz O.ldB bandwidth 

— 300MHz -3dB bandwidth 



Video Amplifiers ■ Rail-to-Rail 



Device 


#of 
Amps 


BW@ 
-3dB (MHz) 


SR 
(V/MS) 


Vs 
(V) 


(iiVVHz) 


Rail-to- 
Rail 


Gain Ay 
(min)(V) 


"s 
(mA) 


'bias 
(mA) 


'out 
(mA) 


VouT 
(V) 


Vos 
(max)(mV) 


Package 


EL8100 


1 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4.9 


6 


6 Ld SOT-23, 8 Ld SOIC, 
8 Ld SOT-23 


EL8101 


1 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4,9 


6 


5 Ld SOT-23 


EL8102 


1 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


150 


0.1 to 4.9 ■ 


8 


6 Ld SOT-23. 8 Ld SOIC 


EL8103 


1 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


150 


0.1 to 4,9 


8 


5 Ld SOT-23 


EL8200 


2 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


65 


0,1 to 4.9 


6 


lOLdMSOP 


EL8201 


2 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4,9 


6 


8 Ld SOIC 


EL8202 


2 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


65 


0.1 to 4.9 


8 


lOLd MSOP 


EL8203 


2 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


150 


0.1 to 4.9 


8 


8 Ld MSOP, 8 Ld SOIC 


EL8300 


3 


200 


200 


3,3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4,9 


6 


16 Ld QSOP, 16 Ld SOIC 


EL8302 


3 


500 


600 


3.3 to 5 


15 


Out 




6 


6 


150 


0.1 to 4.9 


8 


16LdQS0P. 16Ld SOIC 


EL8401 


4 


200 


200 


3.3 to 5 


20 


Out 




2 


1.5 


80 


0.1 to 4,9 


8 


14 Ld SOIC, 16 Ld QSOP 


EL8403 


4 


500 


600 


3.3 to 5 


12 


Out 




5.6 


6 


65 


0.1 to 4.9 


8 


14 Ld SOIC, 16 Ld QSOP 


ISL59830 


3 


200 


500 


3.0 to 3.6 


20 


Y 


2 


50 


N/A 


50/-18 


-1.8 to 3,3 


25 


16Ld QSOP 
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World's Fastest Triple Current Feedback Amp 




Video Amplifiers - High Speed (>50MHz) 





#of 


BW@ 


Slew Rate 


Vs 


Vs 




GainA^ 


Is (per amp) 


'out 


VoUT 


Vqs 


Device 


Amps 


'3dB(MHz) 


(V/MS) 


(mm){V) 


(max)(V) 


(nV/^Hz) 


(min)(V) 


(mA) 


(mA) 


(V) 


(max) (mV) 


EL5160, EL5161 


1 


200 


1700 


±2.5 


±5,5 


4 


1 


0.75 


70 


±3.4 


5 


EL5260, EL5261 


2 


200 


2000 


±2.25 


±6.6 


4 


1 


0.75 


70 


±3.4 


5 


EL5360 


3 


200 


1700 


±2.25 


±6.3 


4 


1 


0.75 


70 


±3.4 


5 


EL5162, EL5163 


1 


500 


4000 


±2.5 


±5.5 


3 


1 


1.5 


100 


+3.6 


5 


EL5262, EL5263 


2 


500 


2500 


±2.25 


±6.6 


3 


1 


1,5 


100 


±3.6 


5 


EL5362 


3 


500 


2500 


±2.25 


±6,3 


3 


1 


1.5 


100 


±3.6 


5 


EL5462 


4 


500 


4000 


±2.5 


±5.5 


3 


1 


1.5 


100 


±3.75 


1.5 


EL5164, EL5165 


1 


600 


4700 


±2.5 


±5.5 


2.1 


1 


3.5 


140 


±3.8 


3.5 


EL5364 


3 


600 


4200 


±2.25 


±6,3 


2 


1 


3.5 


140 


±3.8 


5 


EL5191 


1 


1000 


2800 


±2.25 


±5.5 


3.8 


1 


9 


120 


±3.7 


15 


EL5367 


3 


1000 


5000 


±2.25 


±5,5 


1.7 


1 


8.5 


160 


±3.8 


5 


EL5166 


1 


1400 


6000 


±2.5 


+5.5 


1.7 


1 


8.5 


160 


±3,8 


5 


EL5170 


1 


100 


1100 


±2.25 


±6.0 


28 


2 (Fixed) 


7 


80 


±3.3 


25 


EL5370 


3 


100 


1200 


±2.25 


±6.0 


28 


2 (Fixed) 


7 


85 


±3,8 


25 


EL5100, EL5101 


1 


200 


2200 


±2.25 


±6.6 


10 


1 


2.5 


100 


±3.4 


4 


EL5300 


3 


200 


2200 


±2.25 


±6.6 


10 


1 


2.5 


100 


±3,4 


4 


EL5371 


3 


250 


700 


±2.25 


±6.0 


26 


1 


7 


70 


+3,7 


25 


EL5372 


3 


250 


800 


±2.25 


±6.6 


26 


1 


5 


95 


±3.6 


25 


EL5106 


1 


350 


4500 


±2.25 


±6,6 


12 


±1,2 (Fixed) 


1.5 


125 


+3.6 


10 


EL5306 


3 


350 


4500 


±2.25 


±6.6 


12 


±1,2 (Fixed) 


1.5 ' 


125 


±3.6 


10 


EL5102, EL5103 


1 


400 


2200 


±2.25 


±6.6 


6 


1 


5.2 


150 


±3,7 


5 


EL5202, EL5203 


2 


400 


2200 


±2,5 


±6.6 


6 


1 


5.2 


150 


±3,9 


5 


EL5302 


3 


400 


2200 


±2.25 


±6.6 


6 


1 


5.2 


150 


±3.7 


5 


EL5173 


1 


450 


900 


±2,25 


±6.0 


25 


2 (Fixed) 


12 


55 


+3.6 


30 


EL5108 


1 


450 


4500 


±2.25 


±6.6 


8 


±1,2 (Fixed) 


3.5 


135 


±3.8 


5 


EL5373 


3 


450 


1100 


±2.25 


±6.0 


25 


2 (Fixed) 


12 


55 


±3.6 


30 


EL5308 


3 


450 


4500 


±2,25 


±6.6 


10 


±1,2 (Fixed) 


3.5 


135 


±3,8 


5 


EL5374 


3 


550 


850 


±2.25 


±6.0 


21 


1 


12 


60 


±3.8 


25 


EL5375 


3 


550 


900 


±2.25 


±6.6 


21 


1 


10 


60 


±3.8 


16 


EL5104, EL5105 


1 


700 


3000 


±2.25 


±6.6 


10 


1 


9.5 


160 


±3,8 


10, 


EL5204, EL5205 


2 


700 


3000 


±2.5 


±5 


10 


1 


9.5 


160 


±3.8 


10 


EL5304 


3 


700 


. 3000 


±2.25 


±6.6 


10 


1 


9.5 


160 


±3.8 


10 
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Intersil - Amplify your performance with advanced signal processing. 




World's Highest Slew Rate Voltage 
Feedback Amplifiers 

EL5104 and EL5105 provide unmatched AC performance in a voltage feedback architecture, 

use in place or any current feedback amplifier ,^,>a6/^ 

'M 



EL5105 Pulse Response 



EL5105 vs Closest Competition 



j Large Signal Slew Rate 
I (these amplifiers are slew 
4 rate unlimited) 



4K 

J- 

5- 3K 

LU 

g 2K 

LJJ 
—I 

CO 

1K 
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EL5104 Rising Edge 



100 200 300 400 500 600 700 
BANDWIDTH (MHz) 

EL5104 Falling Edge 



800 

































































































































\ 












\ 



> 

E 



sweeps: average low high sigma 
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Key Features: 

^ Specified for 5V or ±5V applications 
^ Power-down to 1 7|jA 
^ -3dB bandwidth: 700MHz 
^ ±0.1dB bandwidth: 45MHz 

Low supply current: 9.5mA 
^ Slew rate: 7000V/|JS 
^ Low offset voltage: 1 0mV max 

Output current: 1 60mA 
^ AvoL=1400 
^ Diff gain/phase: 0.01%/0.02° 



sweeps: average low 
Freq@1V(1), duty@1V{1) 

2ns/div 



high sigma 



Device 


#of 
Amps 


BW@-3dB 
(MHz) 


Slew Rate 
(V/|is) 


Vs 
(min)(V) 


(max){V) 


(nV/N^Hz) 


Gain 
(min)(V) 


Is (per amp) 
(mA) 


'out 
(mA) 


Vqut 
(V) 


Vos 
(max) (mV) 


EL5100 




300 


2200 


±2.25 


±6.6 


10 


1 


2.6 


100 


±3.4 


5 


EL5101 




300 


2200 


±2.25 


±6.6 


10 


1 


2.6 


100 


±3.4 


5 


EL5102 




450 


3500 


±2.25 


±6.6 


13 


1 


5.3 


140 


±3.6 


5 


EL5103 




450 


3500 


±2.25 


±6.6 


13 


1 


5.3 


140 


±3.6 


5 


EL5104 




700 


4500 


±2.25 


±6.6 


14 


1 


9.5 


160 


±3.8 


5 


EL5105 




700 


4500 


±2.25 


±6.6 


14 


1 


9.5 


160 


±3.8 


5 


EL5202 


2 


40 


3500 


±2.5 


±6.6 


13 


1 


5.3 


140 


±3.6 


5 


EL5203 


2 


400 


3500 


±2.5 


±6.6 


13 


1 


5.3 


140 


±3.6 


5 


EL5204 


2 


700 


4500 


±2.5 


±5 


14 


1 


9.5 


160 


±3.8 


5 


EL5205 


2 


700 


4500 


±2.5 


±5 


14 


1 


9.5 


160 


±3.8 


5 


EL5300 


3 


200 


2200 


±2.25 


±6.6 


10 


1 


2.6 


120 


±3.4 


5 


EL5302 


3 


400 


3500 


±2.25 


+6.6 


13 


1 


5.3 


140 


±3.6 


5 


EL5304 


3 


700 


4500 


±2.25 


±6.6 


14 


1 


9.5 


160 


±3.8 


5 
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BY CHARLES KITCHIN AND LEW COUNTS • ANALOG DEVICES 

The right way to use 
instrumentation amplifiers 

AVOID COMMON APPLICATION PROBLEMS WHEN CONNECTING 
REAL-WORLD SIGNALS TO INSTRUMENTATION AMPLIFIERS. 



Instrumentation amplifiers find wide use in real-world data 
acquisition. However, designers often incorrectly apply them. 
Specifically, although modern in amps have excellent CMR 
(common-mode rejection), designers must limit the total 
common-mode voltage, plus the signal voltage, to avoid sat- 
urating the amplifier's internal input buffers. Unfortunately, 
they often overlook this requirement. 

Other common application problems result from driving the 
in-amp reference terminal with a high- impedance source, oper- 
ating low-supply-voltage in-amp circuits at gains that are much 
too high, ac coupling in-amp inputs without providing a dc 
return path to ground, and using mismatched RC-input-cou- 
pling components. 

A QUICK IN-AMP PRIMER 

An in amp is a closed-loop-gain block with a differential input 
and a single-ended output. In amps also typically have a refer- 
ence input that allows the user to level-shift the output volt- 
age up or down. You use one or more internal or external resis- 
tors to set gain. 

Figure 1 shows a bridge-preamplifier circuit, a typical in-amp 
application. When sensing a signal, the bridge-resistor values 
change, unbalancing the bridge and causing a change in dif- 
ferential voltage across it. The signal output is this differential 
voltage, which connects directly to the in amp's inputs. In addi- 
tion, under zero-signal conditions, a constant dc voltage is also 
present on both lines. This dc voltage is the same, or common 
mode, on both input lines. 

In its primary function, the in amp normally rejects the com- 
mon-mode dc voltage or any other voltage common to both 
lines, such as noise and hum, and amplifies the differential-sig- 
nal voltage, the difference in voltage between the two lines. 

CMR: OP AMP VERSUS IN AMP 

For many applications, CMR is essential for extracting weak 
signals in the presence of noise, hum, or dc-offset voltages. Op 
amps and in amps both provide some CMR. However, in amps 
prevent the common-mode signal from appearing at the ampli- 
fier output. Even though the op amp also has CMR, the com- 
mon-mode voltage normally transfers to the output, at unity 
gain, along with the signal. 

Figure 2 shows an op amp connected to an input source (a 
bridge sensor). The bridge output is riding on a common-mode 
dc voltage. Because of feedback applied externally between the 
op amp's output and its summing junction, the voltage on the + 
input is the same as that on the — input. Therefore, the op amp 
ideally has OV across its input terminals. As a result, the voltage 
at the op-amp output must equal V^^j^, for OV differential input. 



In practice, the op amp's closed-loop gain amplifies the sig- 
nal, and the common-mode voltage receives only unity gain. 
This difference in gain does provide some reduction in common- 
mode voltage, as a percentage of signal voltage. However, the 
common-mode voltage still appears at the output, and its pres- 
ence reduces the amplifier's available output swing. For many 
reasons, any common-mode dc or ac signal appearing at the op 
amp's output is highly undesirable. 

Figure 3 shows the common three-op-amp in-amp circuit. A 
modern IC instrumentation amplifier, such as Analog Devices' 
AD8221, normally includes all of these components. As with 
an op amp, the input buffers of an in-amp circuit, A^ and A^, 
amplify the signal voltage, and the common-mode voltage 
receives only unity gain. But now, each buffer's output drives a 



SUPPLY 




INTERNAL OR EXTERNAL " 
GAIN RESISTOR 



Figure 1 Designers can use instrumentation amplifiers in classic 
bridge circuits. Here, the dc common-mode voltage can easily be 
a large percentage of the supply voltage. 




Vout=(V,nXGAIN)±Vcm. 
CM GAIN = 1. 



Figure 2 This inverting amplifier circuit uses an op amp. Here, 
both the signal voltage and the common-mode voltage appear 
at the amplifier's output. 
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subtracter circuit, A^, which passes only the difference voltage 
and effectively rejects any common-mode voltages- 

A common application problem that affects monolithic 
devices of the three-op-amp in-amp configuration occurs when 
dc common-mode input voltages render a single-supply in-amp 
circuit inoperative- Designers often correctly select a so-called 
single-supply in amp, so that they can operate the circuit from 
a low, single -supply voltage- But then they run into trouble. 

For example, take the case of an in-amp bridge circuit oper- 
ated from a 5V-dc single-supply voltage (Figure 4)- Many 
designers simply ground the in amp's reference- input terminal, 
Vj^gp, as they normally would for dual-supply operation. 

In this simplified case, with a bridge circuit using equal- value 
resistors, the buffers' (zero-signal) outputs (A^ and A^) are both 
2.5 V dc. This situation occurs because the in amp's buffers oper- 
ate at unity gain for common-mode voltages. With both buffers 
applying the same 2.5 V dc to the in amp's output-subtracter sec- 
tion, it tries to swing to OV. In reality, even good "rail-to-rail" 
amplifiers cannot swing all the way down to the negative sup- 
ply — in this case, "ground" or OV — so a fairly large error already 
exists. Clearly, any signals from the bridge 
that would otherwise try to swing the in- 
amp output negative make no change at all. 
So, the circuit is basically nonfunctional, 
and an unwary designer may easily not 
notice this problem because the in amp's 
output appears to be about the same as it 
would be with no common-mode voltage 
applied. 

A solution to this common problem is to 
apply half the supply voltage, 2.5V, to the 
in amp's reference pin, so that A^'s output 
is centered at midsupply. The output can 
now swing both above and below this mid- 
supply voltage. However, other things being 
equal, low-voltage, single-supply circuits 
typically have less dynamic range than their 
dual-supply cousins. 

A similar problem occurs when low sup- 
ply voltages and high amplifier gain render 
the in-amp circuit inoperative. It most com- 
monly occurs when in amps are operating 
at high gains, such as 1000 (Figure 5). 
Under these circumstances, a 10-mV-p-p 
input times a gain of 1000 creates a lOV- 
p-p signal between the outputs of A^ and 
A^. When using ±15V supplies, this situ- 
ation may be possible. However, the in amp 
will become nonfunctional if a 5 V single or 
even a 5V dual supply powers the circuit. 
And, if the circuit is a bridge amplifier with 
its inherently high dc common-mode volt- 
age, it adds further complications. 

Because users of monolithic ICs do not 
have access to the buffer outputs, A^ and 
A2, they see what's happening only at the 
final output — the output of A^. Again, this 
situation may result in a serious design 
problem that goes undetected, sometimes 



BUFFER 



SUBTRACTER 




NOTES: 

GAIN=((1+(2Rfb)/Rg))(R2/Ri)) 
Vout=+V„-(-V„)(GAIN)+Vrep 

Figure 3 A common instrumentation amplifier employs three op 
amps. 




NOTES: 



THREE-OP-AMP IN AMP 



^OUT 



=(+V|n-(V|n))(GAIN)-fVrep 

OFTEN MUST SWING BOTH POSITIVE AND NEGATIVE. 



GROUNDING Vr^f DOES NOT ALLOW THE OUTPUT TO SWING IN BOTH DIRECTIONS. 

Figure 4 A three-op-amp in-amp circuit may exhibit a reduced common-mode-voltage 
range. 



RECOMMENDED COMPONENT VALUES 
FOR AC COUPLING IN-AMP INPUTS 



-3-d B low 
frequency 
roll-off (Hz) 


RC-coi 
compo 
C,, (|jlF) 


jpling 
nents 


Input-bias 
current 

"b I 


Vos 
(AVcm) 
at each input 


Vqs error 
for 2% R^, R2 
mismatch, 
assuming 


2 


0.1 


1M 


2 


2 mV 


40 


2 


0.1 


1M 


10 


10 mV 


200 


30 


0.047 


115k 


2 


230 |jV 


5 J 


30 


0.1 


53.6k 


10 


536 |jV 


11 


100 


0.01 


162k 


2 


324 |jV 


7 


100 


0.01 


162k 


10 


1.6 mV 


32 


500 


0.002 


162k 


2 


324 fiV 


7 


500 


0.002 


162k 


10 


1 .6 mV 


32 
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Configurable 
Power 

Choose fi-om thousands 
of combinations 
available 

• DC-DC switchers with up to 
750 Watts and 4 outputs 

• AC-DC switchers with up to 
4,000 Watts and 20 outputs 




Vicor offers thousands of user-configurable AC-DC and DC-DC 
switching power supplies assembled quickly from our inventory of 
field-proven converters and accessory modules. The converters 
provide high power density and efficiency and ensure 
predictable, reliable performance for your system power 
needs. Specific switchers are available with ultra-low profile 
packages, low-noise outputs, high power and / or 
redundant operation. You can choose from a 
range of DC inputs or autoranging, universal, PFC, 
or three-phase AC inputs. Several chassis sizes 
are also available with integral cooling fans, 
conduction or convection cooling. 

A wide range of component-based, 
custom power solutions is available, too. 

Call 800-927-9474 to talk to a Vicor Applications 
Engineer or to find out more go to: 

vi CO r poAA/e r. co m 




COMMON-MODE O) 
ERROR VOLTAGE 



until the product is out in the field- 

Another common application problem 
stems from operating standard, non-rail-to-rail 
devices, from low single-supply voltages- A 
high-quality rail-to-rail in amp, such as Ana- 
log Devices' AD623, can swing its output to 
within 0-5V of the positive-supply line and 
down to 0-0 IV above ground- Its input-volt- 
age range is similar. Under these conditions, 
the amplifier's output swing almost equals the 
supply voltage- So, when using a 5 V single sup- 
ply, the amplifier has approximately a 4-49V 
output swing. Unfortunately, some designers 
forget about amplifier headroom and use stan- 
dard, non-rail-to-rail products in these appli- 
cations. Even a good dual- supply in amp has 
an output swing within only about 2 V of either 
rail. So, using a 12V single-supply voltage, with 
the in amp's output centered on 6V, a rail-to- 
rail amplifier could swing ±5.5V, but a stan- 
dard product would have only ±4V output 
swing (IIV p-p versus 8V p-p)- 

Yet another common application problem occurs when 
designers try to drive the reference pin of an in amp with a high- 
impedance source. Typical values for the impedance of the ref- 
erence input in many popular in amps are 20 to 125 kll. If a 
low-impedance source, such as an op amp, is directly driving 
the reference, there is no problem. But often, an unwary design- 
er tries to use a resistive voltage divider as a low-cost ratio-met- 
ric reference and ends up introducing serious errors (Figure 6). 

The reference input is part of the output-subtracter circuit in 
a typical three-op-amp instrumentation amplifier. As such, it 
has a finite input resistance, approximately equal to Rj^^p^ plus 
^REF2 — usually, 2 XR^gp. Adding external resistor R^ between the 
reference terminal and common unbalances the A^ subtracter 
circuit, introducing a CMR error. An obvious way to minimize 
this problem is to reduce the value of R^ to approximately 0.1% 
of R^PP^ plus R^pp2 (for 60-dB CMR). However, with lO-kH val- 
ues of R^pp^ and ^^^-pj i^OfiOO total input Z), R^ needs to be 200. 
This value, in turn, unnecessarily burns large amounts of sup- 
ply current in the voltage-divider network. There is also the issue 
of Rp^pi and Rrpp2's shunting R^ and causing a reference- volt- 
age error. 

Together, these errors present a strong case for the use of an 
op-amp buffer to drive the reference pin (Figure 7). The op amp 
has a low output impedance — typically less thanlfl — and con- 
sequently does not contribute any significant CMR error. Note 
that using two 1% resistors in this application can produce as 
much as 2% gain error due to resistor mismatch. 

Limits on dc CMR and the fact that many circuits do not 
require a true dc response tempt designers to ac couple the inputs 
of in-amp circuits. A common, incorrect procedure is to sim- 
ply connect a suitable capacitor in series with each in-amp input 
terminal (Figure 8). 

Again, because a monolithic in amp is a complete package, 
designers often fail to realize what is inside the IC. In amps thus 
connected with these "floating" inputs have no dc reference. 
The input bias currents charge up the ac coupling capacitors, 
C^ and C^, until they exceed the input common-mode voltage. 



5V+CMV^ 



INVERTING y 
INPUT T 

/0> SIGNAL VOLTAGE 
W 1 0-mV P-P 




*WITH 1 0-mV P-P INPUT SIGNAL APPLIED, OUTPUT FROM A^ 
AND A„ IS 5 mVX 1 000=5V-fTHE COMMON-MODE VOLTAGE. 



Figure 5 High gain and low supply voltages can result in buffer-amplifier clipping. 



IN AMP 




f — /vV O 

^1 EXTERNAL 
REFERENCE 
VOLTAGE 



Figure 6 Driving the reference input from a high-Z source can 
introduce errors. In this case, R's resistance causes a CMR error 



Rpj^P^ and Rref2 introduces an additional voltage-reference error. 




R EXTERNAL 

O REFERENCE 

VOLTAGE 



EXTERNAL VOLTAGE 
DIVIDER 



Figure 7 Adding an op-amp buffer amplifier isolates the in amp's 
reference terminal from the voltage divider. 
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In other words, the capacitors charge up to the supply line or 
down to ground, depending on the direction of the input bias 
currents. With a FET input device and high-value capacitors, 
it could take several minutes before the in amp becomes inop- 
erative. Therefore, a casual lab test might not detect this prob- 
lem, so it's important to avoid it altogether. Fortunately, for dual- 
supply operation, a simple solution exists: Just add two large- 
value dc return resistors, one between each input and ground 
(Figure 9). Now, both inputs are dc-referenced to ground and 
move only when an input signal drives them. 

Using an in amp powered by a single supply, ac coupling is 
more complicated and normally requires applying a dc common- 
mode voltage, V^j^, to both inputs (Figure 10). This step is nec- 
essary, because the in amp's output cannot swing below the neg- 
ative supply — in this case, ground. Here, if the in amp's output 
voltage tries to swing more than a few millivolts negative, the 
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signal is clipped. 
Choosing appropriate voltages for 
and Vp^gp is the next important 
design consideration, especially in 
low-supply-voltage applications. In 
general, set V^^^^ to the middle of the 
expected input dynamic range and 
center V^^^p on the expected output 
dynamic range. As an example, say 
that the expected input signal (-IN- (IN)) is +1V to -2V. 
Under these conditions, the in amp's input buffers need to swing 
both positive and negative with respect to V^^^^. Therefore, you 
must raise V^j^ above ground for this scenario to happen. 
Assume that the in amp is operating at unity gain. Setting V^^^^ 
to 2V or a bit higher allows 2V of headroom in the minus direc- 
tion. The trade-off is that there is now 2V less swing in the pos- 
itive direction. If the in amp is operating with gain, tailor V^^j^ 
to allow the buffer outputs to swing fully without clipping. 

Output centering is simi- 
lar: Estimate the amount 
and direction of the in amp's 
output swing — in most 
cases, Vj^Xgain+V^j^— 
and then apply a reference 
voltage at V^^pp that is in the 
center of that range. 

The choice of dc-retum- 
resistor value for ac-coupled 
circuits is a trade-off be- 
tween offset errors and the 
physical and electrical size of 
the input coupling capaci- 

tors. The larger the value of 

the input resistor, the small- 
er the required input coupling capacitor. This approach saves both 
money and pc-board space. However, the trade-off is that high- 
value input resistors increase the offset- voltage error due to input 
offset currents. Offset- voltage drift and resistor noise also increase. 
With lower resistor values, higher value input capacitors for 
and are necessary to provide the same — 3-dB corner fre- 
quency. That is: F 3^^= (1/(2'ttR^C^)), where Ri=R2 ^i~^2' 
Unless a large enough dc voltage is present on either side of 
the ac coupling capacitor, use nonpolarized capacitors. Some 
capacitors, such as electrolytics, function as diodes if you do not 
properly dc-bias them. In the interest of keeping components 




Figure 8 An incorrect procedure 
results in this nonfunctional, ac- 
coupled in-amp circuit. 




Figure 9 For dual-supply operation, a high-value resistor connect- 
ed between each input and ground provides the necessary dc 
return path. 




+INO 



Vref (TYPICALLY, Vs/2) 

Figure 10 An ac-coupled, single-supply in-amp circuit normally 
requires a dc common-mode voltage, V^.^, applied to both inputs. 



as small as possible, select capacitors of 0.1 [xF or less. Gener- 
ally, the lower the capacitor value, the less costly and smaller 
the capacitor is. The voltage rating of the input coupling capac- 
itor needs to be high enough to avoid breakdown from any high- 
voltage input transients that might occur. One final word of cau- 
tion: Avoid high-K (high-dielectric-constant) ceramic capac- 
itors, which can introduce harmonic distortion. 

When ac coupling, any mismatch between the two dc return 
resistors causes an input offset imbalance (Ibi^^bz^' which cre- 
ates an input offset- voltage error (Figure 9). Table 1 gives R 
and C cookbook component values for various circuit band- 
widths and the V^g error for two levels of input-bias current.EDN 
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PORTABLE AUDIO/VIDEO SOLUTIONS 
TO GET YOU TO MARKET FASTER. 



POWER CONVERSION 



Smallest, highly efficient 
3-MHz DC/DC converters 
extend battery life and 
save space in portable 
applications. (TPS62300) 



AUDIO POWER 
AMPLIFIER 


Smallest, high efficiency 
stereo Class-D APA enables 
longer battery life. 
(TPA2012D2) 
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Highly integrated, low-power 
stereo codecs ideal for a variety 
of portable audio equipments. 
(TLV320AIC33) 
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ihly configurable, low-power 
B 2.0 compliant solutions 
ivide world-class throughput 
ISB6250) 



Tl DSP-based digital media processors come with razor-sharp reflexes, 
making them easily programmable to adapt to new standards: 

• Video: H.26x, VC-1, MPEG-2, MPEG-4, Microsoft® WMV9 

• Imaging: JPEG, MJPEG, JPEG2000 

• Audio: MP3, AAC, Microsoft WMA9, G.7xx, Dolby® Digital, 
Pro Logic® II, DTS®-ES, DD-EX, THX® 

• HD Radio™: Eureka 147 DAB, Digital Radio Mondiale (DRM) 





Drive your portable audio and video innovations to marl<et faster with Tl solutions designed for your entire ' 
signal chain. With industry-leading DSP-based digital media processors, high-performance analog ICs,';^ 
logic and application software, Tl helps you get your product to the consumer fast. If you are looking fopf 
the easiest to use, most reliable, scalable and power-efficient solutions for portable consumer electronics, 
then look no further than Tl. i% 

For technical information including application notes, visit www.ti.com/tiportable 
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Going Three-to-Three 




[easy] 
[easy] 
[easy] 
[easy] 
[easy] 
[easy] 



to maintain signal integrity from 3mm to 3 meters 

with a wide variety of high speed interconnects and signal integrity services, 
to go from 3mm to 30mm 

with Q Series® high speed interconnects and DP Array™ high density arrays, 
to go from 30mm to 60mm 

with high speed RiseUp® elevated board-to-board systems, 
to go from 60mm to 200mm 

with high speed Flex Data Links and Custom Flex capabilities, 
to go from 200mm to 3 meters 

with High Data Rate Twinax & Coax, Data Rate I/O and RF cable assemblies, 
to find out more 

about signal integrity from 3mm to 3 meters at www.samtec.com/easy 
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SUDDEN SERVICE 



BY MARC TREMBLAY, PHD SUN MICROSYSTEMS 



In search 

of cool computing 



MULTIPROCESSOR-CHIP DESIGNS HEAD DOWN 
A BLIND ALLEY OF POWER AND HEAT PROBLEMS. 

The biggest challenge facing SOC (system-on-chip) 
designers today is how to deliver higher perform- 
ance and minimize IC power and the attendant 
heat- Power and cooling needs are pushing the lim- 
its of available technology and creating budgetary 
strains for users — both for the initial upgrades of 
power and cooling systems and for their ongoing energy costs- 
But in their attempts to solve these challenges, many chip 
designers have headed down a blind alleyway- 
Many previous- and current-generation processors rely heav- 
ily on ILP (instruction- level parallelism) to speed single-thread- 
ed applications. ILP attempts to increase performance by deter- 
mining, in real time, instructions that can execute in parallel- 
In their newest designs, chip developers are increasingly turn- 
ing to CMPs (chip multiprocessors) — multiple processors on a 
single silicon die that reduce power demands and improve effi- 
ciency by sharing on-chip structures, such as memory con- 
trollers, between the cores versus two separate chips. 



THE AGGREGATE THROUGHPUT 
IS FIVE TO 1 5 TIMES BETTER THAN 
CONTEMPORARY PROCESSORS. 



However, these designs continue to rely on pipelines that were 
designed to deliver performance gain by trying to attain high ILP 
In doing so, the designs ignore the main characteristic of com- 
mercial applications (that is, large databases and CRM): They 
are rich in threads but poor in ILP As a result, this strategy con- 
tinues down the path of poorly matching workloads to the appro- 
priate design and results in an even-less-power-efficient system. 

At first glance, it appears that improving processor perform- 
ance and lowering processor power demands are at odds, but this 
doesn't have to be the case. Multithreading — running multi- 
ple threads per processor core — hides the frequent high- laten- 
cy events and exploits the thread-level parallelism common in 
commercial applications. By combining simple core CMPs with 
multithreading, it is possible to design processors that consume 
less power and deliver higher throughput. These single-chip 
processors exploit thread-level parallelism by employing fine- 
grained multithreading. This approach, CMT (chip multi- 
threading), is ideal for commercial applications. 

Under this design, the CMT processor has multiple inde- 
pendent 64'bit execution pipelines (cores). Each core can select 
from multiple active threads. The result is a processor that 
allows dozens of threads or processes to execute simultaneous- 



ly on a single chip. The aggregate throughput of this design is 
approximately five to 15 times better than contemporary 
processors such as the Intel Xeon, AMD Opteron, and Sun 
UltraSPARC III. 

Despite the far-greater throughput, the power density of this 
design is much less than other contemporary processors, mak- 
ing it better suited for dense rack-mount installations in the data 
center. As transistor density and processor complexity have 
increased over the past decade, power has shot upward. 
Although typical processors today often have a power density 
greater than 70W/cm^, CMT designs can produce faster 
throughput with a power density in the range of 10 to 20W/cm^. 

ILP VERSUS CMT 

Most multicore chip designs aimed at the high- volume, hor- 
izontally scalable commercial-server market employ pipeline 
designs primarily targeting desktop (single- threaded or ILP- 
focused) applications. Designers then modify cache and inter- 
face architectures to support a coherent shared memory across 
two-, four-, and eight-processor systems, and they reduce the 
operating frequency and voltage for low power consumption. 
These designs attempt to execute instructions from a single 
thread in parallel (ILP) and typically have the following 
characteristics: 

• superscalar designs that attempt to increase instructions 
per clock and require multiple independent execution 
units with dependency checking, scoreboarding, complex 
bypassing datapaths, and complex register files; 

• 2.2- to 3.6-GHz clock frequencies, which demand hot, 
fast, and leaky transistors as well as power-hungry dy- 
namic-circuit designs; 

• pipelines with as many as 30 pipe stages from instruction 
fetch to retirement, requiring aggressive branch predic- 
tion and a vast number of state devices; 

• out-of-order execution with wide instruction- issue win- 
dows, reorder buffers, and a variety of memory-specula- 
tion techniques; and 

• multilevel caches — three and four levels, in some cases — 
to further combat memory latency. 

With these designs, a serial and highly dependent instruction 
stream with little ILP limits performance on a typical com- 
mercial application. These features become power-consuming 
burdens when executing code lacking ILP and high in cache 
misses. 

By contrast, CMT designs achieve high throughput by 
employing a fine-grained, multithreaded pipeline design. This 
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design suits applications with thread-level parallelism. Perfor- 
mance-enhancing features include: 

• multiple independent, single-issue, in-order pipelines, each 
with a relaxed clock frequency, which require no extra tran- 
sistors or power for multiple- issue or out-of-order execution; 

• no branch prediction; 

• a limited number of stages in the core pipeline (about a half- 
dozen stages, compared with as many as 30 on ILP designs); 

• large, highly banked, on-chip secondary cache, which 
handles most memory requests to avoid incurring exter- 
nal DRAM power; and 

• integrated I/O and DRAM controllers, which extract 
more performance and avoid powering external compo- 
nents and associated buses. 

OTHER POWER-THROTTLING TECHNIQUES 

Designers can enhance the power-saving nature of the basic 
CMT architecture through additional hardware features that 
target two sources of high power consumption. Upon detect- 
ing that a chip is reaching a certain power limit, designers can 
use certain mechanisms to throttle down the power. Designers 
can gain additional power savings by reducing the issue rates of 
the cores and limiting activity in main memory. 

Issue rates — the number of instructions that the processor can 
send down the pipeline in a certain period of time — can throt- 
tle back within the cores by putting specific threads in a sleep 
mode when power and thermal conditions exceed designated 
thresholds. When power and thermal conditions return to nor- 
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mal, threads resume executing instructions. You can use an 
external thermal diode to constantly translate the operating tem- 
perature into a voltage level that the processor will interpret. 

Away from the core pipeline, another significant opportuni- 
ty for power throttling lies in time-shared memory controllers. 
A high-performance CMT requires multiple next-generation 
memory controllers such as DDR2 memory channels to supply 
the necessary data. These controllers connect to tens or hun- 
dreds of DRAM chips and are therefore important contributors 
to power dissipation. 

Under peak periods, software-enabled control registers can 
limit the number of open pages in the DDR memories. This 
approach throttles the rate at which reads and writes are issued, 
resulting in a reduction of both interface power and peak oper- 
ating power with the DRAM devices. 

SOFTWARE REDUCES POWER CONSUMPTION 

Designers can achieve additional reductions in power con- 
sumption on the operating-system layer. Idle loops occur more 
frequently than you might expect, especially on a processor with 
32 or more threads. To reduce power consumption, the oper- 
ating system can halt a thread when it enters an idle loop, resum- 
ing execution only when it is ready to schedule work. This sit- 
uation not only helps with power reduction, but also limits inter- 
action with other active threads on that core. 

Thread-scheduling algorithms are also important tools. 
Although it is difficult for an operat- 
ing system to gauge how a workload 
might behave, it can follow guidelines 
about how best to spread distinct 
workloads across multiple cores. The 
operating system can localize threads 
and processes, having some amount of 
affinity — for example, the same 
process with different data — by 
assigning them to the same core or to a nearby core. If there 
are 16 active lightweight processes, it is beneficial from a power 
perspective to concentrate those threads on four cores as 
opposed to spreading that load across eight cores. 

A NEW ERA 

Chip multithreading will enable a new era of cool comput- 
ing, delivering an unprecedented combination of high through- 
put and low power consumption. Chip designers who pursue 
higher performance with the traditional ILP techniques will fall 
further behind the performance/power-consumption curve.EDN 
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Digital Signals Arrive on Time 



Clock signals comprise rising edges (logic-low to logic- 
high transitions), and falling edges (logic-high to logic- 
low transitions). A clock signal can exist as square waves 
with a regular period and duty cycle or as a continuous 
series of periodic pulses. The latter type of signal can trigger 
a latch to accept data, interrupt a microcontroller, and so 
on. Regular clock waveforms govern the timing of micro- 
processor-based controllers, communication systems, memo- 
ry chips, and other devices that perform operations at regu- 
lar intervals. Depending on the clocked device, either a ris- 
ing or a falling clock-signal edge causes an action. A device 
such as a double data-rate (DDR) memory uses both clock 
edges to trigger actions. 

Clock signals do not cause instantaneous actions, though. 
A memory device, for example, requires the presence of 
unchanging data during a fixed amount of time, called the 
set-up time (tsu), prior to the arrival of a clock signal. The 
data must then remain stable for a specified hold time (tn) 
after the clock-edge transition. These times, specified in 




Time (t) 



In this eye diagram, the overlaid samples of all 3-bit states show how jitter and 
voltage noise appear on a clock signal. Many communication signals must con- 
form to standard templates that define minimum eye values (colored lines ex- 
aggerated for emphasis). 

chip manufacturers' data sheets, ensure designers know the 
timing requirements for the data and clock signals input to 
a device. A hand-drawn timing diagram may show the theo- 
retical action of clocked circuits, but the design of complex 
circuits requires simulations that account for timing values 
such as tsu and tH. 

Unfortunately, clock signals come with imperfections such 



as jitter and drift. Drift occurs when the period of two clocks 
differs slightly over time. These slight timing differences can 
accumulate and affect a system adversely. For example, 
assume researchers have two data-acquisition devices that 
each supply a 100-MHz clock. Even if the two devices are 
synchronized to start together perfectly, over time one device 
may begin to run slightly faster than the other due to circuit 
imperfections or due to an external factor such as tempera- 
ture. That difference badly skews the data the researchers 
expect will align perfectly in time. Timing techniques can 
reduce or eliminate drift. 

Jitter represents a slight deviation in the timing of a sig- 
nal's edges during a clock cycle, and it can arise from signal 
cross-talk, switching transients, and the effect of other sig- 





The microcontroller board Jane designed 
seems to suffer from intermittent problems 
The microcontroller's specifications list tight tim 
ing requirements, so the cause of intermittent 
behavior may rest with Jane's new clock circuit. 

Can you help Jane analyze her clock signal to identify 
possible problems? 

L http://rbi.ims.ca/4396-502 



nals. Engineers generally measure jitter as a time difference 
between the clock signal of interest and a reference clock 
signal at their zero-crossing points. Jitter measurements 
range from a visual estimate on an oscilloscope to quantita- 
tive measurements that extract statistical data from many 
signal samples. 

The sequential acquisition of a clock signal over three 
periods produces a diagram that reveals both jitter and volt- 
age noise. Because the signal may produce any of eight bina- 
ry patterns during an acquisition, a measuring instrument 
overlays millions of signal samples to create an "eye" 
diagram (see figure). The overlay diagram lets engineers 
determine a signal's maximum jitter and voltage noise. As 
these errors increase, the eye width and height decrease. 
The better the quality of a digital signal, the more open the 
eye. Said differently, engineers strive to maximize eye width 
and height. 

When an eye diagram comprises millions of samples, the eye 
width indicates the time the data lines remain stable. Thus, 
engineers can determine how much set-up and hold time a 
clock signal provides. 
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BY PETE COLLINS JTAG TECHNOLOGIES 



Extensions to the I E EE 
1149.1 boundary-scan 
standard 

DESPITE THE SUCCESS OF THE IEEE 1 1 49.1 BOUNDARY-SCAN 
STANDARD, ACCEPTANCE OF THE 1 149.4 MIXED-SIGNAL EXTENSION 
HAS BEEN SLOW. THE INDUSTRY BADLY NEEDS THAT EXTENSION 
AND OTHERS, HOWEVER, AND SEVERAL COMPANIES ARE HARD 
AT WORK TO PUT THEM ON THE FAST TRACK. 



The IEEE 1 149.1 boundary-scan standard was devel- 
oped almost 15 years ago to resolve the problems 
associated with limited physical access for probing 
test points on pc boards and to verify that device 
pins have been soldered correctly and are free of 
solder shorts and open circuits- However, the test 
industry now faces new problems that nobody envisioned when 
the standard was developed back in 1990, and a number of work- 
ing groups have engaged in a sustained effort to develop new stan- 
dards that build on the success and acceptance of IEEE 1 149-1 ♦ 

More recent standards that extend 
1 149-1 are 1 149-4, the mixed-signal test-bus 
standard for testing analog pins; 1149.6 for 
testing the interconnections between ac- 
coupled differential nets; and IEEE 1532 for 
the in- system configuration of programma- 
ble devices. 

The 1149.4 standard specifies that every 
signal pin must be associated with a bound- 
ary module, which in the case of the digital 
pins is referred to as a DBM (digital-bound- 
ary module). DBMs are identical to the 
boundary-scan cells defined in 1 149.1. Mix- 
ed-signal pins are associated with ABMs 
(analog-boundary modules). Each ABM 
consists of a switching network that allows 
the mixed-signal pin to be disconnected 
from the core circuitry in the CD (core-dis- 
connect) state and allows it to connect to 
the internal bus or the internal dc reference 
voltages. Alternatively, if the PROBE in- 
struction is selected, the network leaves all 
pins in functional mode and allows the pins' 
signal to be measured via the internal ana- 
log bus (Reference 1). 

Figure 1 shows the construction of a sim- 
ple mixed-signal device that consists of sev- 



eral DBMs and ABMs, which are selected through the TAP 
(test-access port), as defined by 1149.1, and an ATAP (analog 
test-access port), which supports 1 149.4's analog stimulus-and- 
response capabilities. This arrangement requires two extra AT 
(analog-test) pins: AT^ for providing an external test stimulus 
and AT^ for routing signals connected to the associated ABMs 
to external measurement instrumentation. 

The external analog-test bus, which connects to AT^ and AT^, 
accesses an internal bus under the control of the TBIC (test- 
bus interface circuit). The TBIC allows the internal test-bus 




TAP TDI 
(TEST TDOJ 
ACCESS TMS: 
PORT) TCK 



Figure 1 In this simple chip, boundary-scan features surround the core. 
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lines to connect to either or both ATAP pins, isolates the inter- 
nal test bus when it is not in use to eliminate unwanted noise 
interference, or connects the bus to one of two dc voltages (V^ 
and V^), which act as logic values for performing standard dc 
interconnect testing (Figure 2). 

CONTROLLING ABMs 

A 4'bit register controls each ABM. The register is part of 
the boundary-scan data register and can capture digital-test 
results that represent either logic values or digitized analog 
responses- As can the DBMs, the individual control registers can 
load and unload through the 1149.1 TAR 

The four bits are C, D, and B^ (control, data, ABUSp and 
ABUS^)- The C bit acts as an enable pin, and the D bit pro- 
vides the pin's logic values, Vj,^ and V^. When the C and D bits 
are both zero, the pin is disconnected from the core through the 
CD switch. B^ and B^ control the switches that connect the sig- 
nal pin respectively to the AB^ and AB^ test-bus lines. 

The 1149.4 standard requires support for one more instruc- 
tion than those for which 1149.1 mandates support. This 
instruction is PROBE, whose primary purpose is to allow real- 
time access to signal pins without affecting the UUT's (unit 
under test's) normal operating mode. In effect, the PROBE 
instruction is similar to SAMPLE/PRELOAD and allows vir- 
tual probing of selected IC pins without impacting their nor- 
mal function. 

At the board level, a single boundary-scan path can link any 
combination of 1 149.1- and 1 149.4'Compliant devices, with the 
TDO (test-data-out) pin of one device connected to the TDI 
(test-data-in) pin of the next. The TCK (test-clock) and TMS 
(test-mode-select) pins connect in parallel as defined in 1 149.1. 
Similarly, the AT^ and AT^ pins connect in parallel to the 
1149.4'Compliant devices (Figure 3). 

DEVELOPMENTS 

Although 1 149.4 was approved in June 1999, the industry has 
been slow in adopting it. More important, IC vendors have been 
slow to produce devices that would enable board designers to 
use and experiment with the technology. To stimulate interest 
in implementing 1 149.4, National Semiconductor (Reference 
2), an innovator in analog semiconductors, and Logic Vision, a 
provider of embedded-test intellectual property for ICs and sys- 
tems, collaborated on developing the first general-purpose IEEE 
1149.4'compliant IC, the STA400 (Figure 4). 

The STA400 is mainly an evaluation chip whose core func- 
tions primarily as a simple analog multiplexer comprising 11 
ABMs that can connect to circuit nodes to enable injection of 
a test stimulus or monitoring of discrete dc voltages and ac sig- 
nals. You can use the chip to determine values of discrete pas- 
sive components by injecting currents at different signal nodes, 
measuring the resultant voltage at each node, and calculating 
the value of the selected components. 

JTAG Technologies has developed an IEEE 1149.4 evalua- 
tion kit that uses STA400s to let users select circuit nodes and 
perform resistance, capacitance, voltage, ac-signal, and char- 
acteristic-impedance measurements on an evaluation board 
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Figure 2 This analog-boundary module resides on an IEEE 
1 1 49.4 IC and allows you to connect an I/O pin to the IC's 
core or to either of two analog buses. 
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Figure 3 On the pc board, the analog-test buses, AT^ and AT2, 
connect to multiple ICs. 
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Figure 4 The STA400 evaluation chip allows you to experiment 
with 1 1 49.4-based test concepts. 
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Bringing Products to Life. 

At Avnet Electronics Marketing (ElVI), support across 
the board is much more than a tagline for us. 
From initial design through end of life - we are deeply 
committed to driving maximum efficiency throughout 
the product lifecycle. Take Battery Technology Inc. (BTI) 
for example. 

Battery Tecli - Tlie Cliallenge 

BTI technology keeps more than half a million laptops 
alive with its line of batteries. When it came time for 
BTI to recharge its product designs, it needed a 
product engineering solution that reduced the number 
of components on its board, and lowered overall costs. 

Avnet ElVI and Atmel - The Solution 

Avnet's MCU specialist introduced a new product 
solution involving Atmel's 8-Bit Flash memory based 
AVR microcontroller that solved BTI's challenge 
quickly and efficiently. Today, BTI utilizes Avnet's point 
of use replenishment system (POURS) program to 
ensure the proper flow of components into the 
manufacturing line, as it readies these new products 
for volume production. 

BTI has also charged Avnet and Atmel to move its 
existing designs to Atmel's AVR platform - the 
industry's leading flash-based microcontroller. It's no 
shock to see why - with Avnet and Atmel's focused 
energy, BTI found total support across the board. 
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the BTI case study, visit: www.em.avnet.com/atmel/satb 
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using a graphical user interface- In another application 
of this system, you can perform analog measurements 
on target boards by using the test resources (stimulus 
and measurement instrumentation) of the JTAG- 
1149.4 Explorer package (references 3 and 4)- 

AC-COUPLED DIFFERENTIAL NETS 

IEEE 1149.6 was developed to address the require- 
ments of boundary-scan testing of ac-coupled differ- 
ential nets. Coupling capacitors on high-speed digital 
interconnects block dc signals and prevent receivers 
from detecting them. Using an R-C network causes 
signals to decay over time, typically requiring at least 
2.5 TCK cycles between driving a net and capturing 
a signal. 

The basic implementation of 1 149.6 requires adding 
to the signal-path driver a generator that can transmit 
a single pulse or a train of pulses depending on whether 
the EXTEST_PULSE or EXTEST_TRAIN instruction 
is loaded into the 1149.1 instruction register. A test 
receiver located behind the receiving-device pins 
detects a steady-state level or captures edge transitions 
(Figure 5 ) . The test receiver must be able to support 
both of these new instructions as well as the tradition- 
al static 1149.1 EXTEST. When the IEEE 1149.1 
EXTEST instruction is active, the receiver must revert 
to level sensing, whereas, when one of the new 1 149.6 
instructions is active, the receiver must capture edge 
transitions. 

When the interconnection between the driver and 
the receiver is dc-coupled, the receiver must detect lev- 
els by referencing the input signal to a dc-bias voltage 
that the ac-mode-control signal selects (Figure 6). 
When the interconnection between the driver and the 
receiver is ac-coupled, the transitions at the receiver's 
input pins are detected by comparing the input signal 
with a delayed version of itself. In this self-referenc- 
ing technique, the lowpass filter provides the signal 
delay. In Figure 7, the upper comparator detects ris- 
ing edges, and the lower comparator detects falling 
edges. These comparator outputs respectively set and 
clear the receiver flip-flop, reproducing the original 
waveform at output C regardless of whether the input 
signal. A, is dc- or ac-coupled. 

With the proliferation of multigigabit-per-second 
serial-data-communication protocols, a significant 
number of devices will likely implement 1149.6. In 
fact, several 1 149.6-enabled devices are already avail- 
able (Reference 5), and tools are in development to 
enable 1149.6 insertion and verification. Vendors are 
also upgrading board- test software to enable testing of 
1149.6 components and their interconnections to 
other onboard boundary-scan-compliant devices. 

IN-SYSTEM PLD CONFIGURATION 

For many years, the test industry has been asking for 
some level of standardization for ISC (in-system con- 
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PULSE GENERATOR AND BOUNDARY-SCAN REGISTER SUPPORT 

IEEE 1 149.1 INTERCONNECT AND OFFER EDGE GENERATION/DETECTION 

FOR AC-COUPLED TESTS. 



Figure 5 IEEE 1 1 49.6 allows you to use boundary-scan technology to test 
such differential analog structures as drivers and receivers for ultrahigh- 
speed serial buses. 



ANALOG SWITCH 
CONTROLLED 
BY AC MODE 




Figure 6 In this circuit, when the interconnection between the driver and the 
receiver is dc-coupled, the receiver must detect levels by referencing its 
input to a dc-bias voltage that the ac-mode-control signal selects. 



ANALOG SWITCH 
CONTROLLED 
BY AC MODE 




-TLTL 



Figure 7 When the interconnection between the driver and the receiver is 
ac-coupled, the transitions at the receiver's input pins are detected by com- 
paring the input signal with a delayed version of itself. 
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Cut Switcher EAil >20dB 



Fundamental and Harmonic Frequencies 



Fundamental Frequency 





2MHz 400kHz 



• Spread Spectrum Enabled 
> Spread Spectrum Disabled 



650kHz 



Eliminate Noise Problems with On-Chip Spread Spectrum 

Built-in spread spectrum modulation in Linear Technology's new family of DC/DC regulators reduces peak radiated and 
conducted energy at any frequency by at least 20dB. This improvement significantly suppresses peak electromagnetic 
interference (EMI), reducing the need for metallic shielding or expensive filtering. Many of our future switching regulators 
will incorporate this technology- see the table below for our current offering. 



'DC/DC Converters with Spread Spectrum Modulation 



Part 
Number 


Step-Down 
Switching 
Regulators 


V|N 

(V) 


VOUT 

(V) 


'out 
(A) 


Tracl(ing 


PLL 


Fixed 
Frequency 
(kHz) 


Spread Spectrum 
Frequency Range 
(Wlien Enabled) 
(kHz) 


Package 


LTC®3736-1 


2-Phase, Dual 
Synchronous 
Controller 


2.75 to 9.8 


1:0.6toV|N 
2:0.6toV|N 


5 


/ 




300, 550 or 
750 


450 to 580 


QFN-24 
SSOP-24 


LTC3808 


Synchronous 
Controller 


2.75 to 9.8 


0.6 to V|N 


5 


/ 


/ 


300, 550 or 
750 


460 to 635 


DFN-14 
SSOP-16 


LTC3776 


DDR Memory 
Dual Controller 


2.75 to 9.8 


1:0.6toV|N 
2: Vddq/2 


5 


/ 


/ 


300, 550 or 
750 


450 to 580 


QFN-24 
SSOP-24 


LTC3809 


Synchronous 
Controller 


2.75 to 9.8 


0.6 to V|N 


5 




/ 


300, 550 or 
750 


450 to 580 


DFN-10 
MSOP-10 


LTC3252 


Inductorless, 
Dual, 2-Phase 


2.7 to 5.5 


1:0.9to1.6 
2: 0.9 to 1.6 


0.25 








1,000 to 1,600 


DFN-12 


LTC3251 


Inductorless, 
2-Phase 


2.7 to 5.5 


0.9 to 1.6 


0.5 






1,600 


1,000 to 1,600 


MSOP-10 


LTC3445 


Monolithic, I^C, 
Triple Output 


2.5 to 5.5 


1:0.85 to 1.55 
2, 3:>0.3 


1:0.6 
2,3: 0.05 


/ 




1,500 


Adjustable Spread 
0% to 22.4% 


QFN-24 


LTC3415 


Monolithic, 
PolyPhase, 
Stackable 


2.5 to 5.5 


0.6 to V|N 


7 X n 


/ 


/ 


2,000 


1,000 to 3,000 


QFN-38 
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JU, LTC and LT are registered trademarks and SwitcherCAD is a 
trademark of Linear Technology Corporation. All other trade- 
marks are the property of their respective owners. 
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figuration) of programmable devices- In the past, suppliers of 
programmable ICs have used programming algorithms that dif- 
fered not only among vendors, but also among device families 
from the same vendor. 

The silicon portion of IEEE 1532 establishes common device 
behavior during programming via the IEEE 1149-1 state 
machine. The software portion of the standard defines a mod- 
ified BSDL (boundary-scan-description-language) file, which 
extends to cover the new ISC instructions. Additionally, a new 
ISC data-file format contains all of 
the device and pattern-specific pro- 
gramming information. 

By delivering faster programming 
and facilitating more efficient use of 
expensive testers, the ISC features of 
1532'compliant ICs provide significant 
savings to equipment manufacturers. 
Users will now be able to program 
chains of complex PLDs from multiple vendors using the same 
third-party programming tools and controllers. 

Users will no longer need vendor-specific programming 
knowledge and will be able to concurrently program multiple 
PLDs from different IC vendors. Devices that are programmed 
concurrently instead of sequentially will simultaneously enter 
and leave programming wait states, minimizing configuration 



\±} Go to www.edn. 
com/ms4144 and 
click on Feedback 
Loop to post a com- 
ment on this articie. 



time, significantly reducing overall programming time, and 
allowing design needs, rather than programming- equipment 
availability, to govern programmable-device selection.EDN 
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Introducing the 7th Generation 
Technology from BP Microsystems 




Parallel Vector Technology 



• 18,000-^ devices supported, fully universal 

• 4 sockets per site for high-speed flash 
programming of flash 

• Uses all legacy socket modules 
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The Standard in Device Programming 




www.bpmicro.coni • sales@bpmi'cro.coni • 1-800-225-2102 • (713) 688-2620 (outside the USA) 
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Simple PoE Power 




Rugged, Field Proven Technology from the PoE Leader 

The LTC®4267 integrates all of the elements to build a rugged, fully compliant IEEE 802.3af Powered Device (PD). It integrates 
the 25k signature resistor, classification current source, undervoltage lockout and a robust lOOV, 400mA switch. The current 
mode switching regulator features constant frequency operation to minimize noise even with light loads and an onboard error 
amplifier and voltage reference, allowing use in both isolated and non-isolated configurations. Building on proven technology 
in PoE and power conversion, the LTC4267 provides a simple, low risk way to get to market quickly. 



'Features 



• Onboard lOOV, 400mA UVLO Switch 

• Dual Level Inrush Current Limit 

• Current Mode Switching Regulator 

• Onboard 25kQ Signature Resistor 

• Programmable Classification 
Current (Class 0-4) 

• Integrated Error Amplifier and 
Voltage Reference 

• 16-Pin SSOP and 3mm x 5mm 
DFN Packages 

• LTC4267: $2.10 each in Ik Oty. 



Part 
Number 


PD/PSE 


Features 


LTC4267 


PD 


Integrated 
DC/DC Converter 


LTC4257 


PD 


Rugged, 
IEEE 802.3af Compliant 


LTC4257-1 


PD 


Rugged, 
Legacy Support 


LTC4259A 


PSE 


Quad, 

IEEE 802.3af Compliant, 
AC-Disconnect 


LTC4258 


PSE 


Quad, 

IEEE 802.3af Compliant 
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Temperature Stable 
60dB RF Log Detector 



Output Voltage vs Temperature 
gOOMHz 




-60 -50 -40 -30 -20 -10 2mm x 2mm 

6-Lead DFN 

RF Input Power (dBm) (Actual size) 



50MHz to 3GHz, High Sensitivity Detector in 2mm x 2mm Package 

why compromise your design with an inferior detector? The LT®5534 gives you and your customer more confidence in your 
design, improves product performance and lowers your total cost. The LT5534's ease of use speeds your time-to-market. 



Features 



Broad RF Detector Coverage 



Info & Online Store 



Exceptional Stability Over 
Temperature 

-62dBm Sensitivity 

Tiny 2mm x 2mm DFN Package 

Wide Bandwidth Operation from 
50MHz to 3GHz 

2.7V to 5.25V Supply 

38ns FuU-Scale Settling Time 
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Buffer amplifier and LED improve PWM 
power controller's low-load operation 

Gregory Mirsky, LaMarche Manufacturing Co, Des Plaines, IL 



Texas Instruments' UCC3895 
offers a good base for building a 
high-efficiency, pulse-width-modulat- 
ed, switched-mode power supply that 
suits either current- or voltage-mode 
control- Designed for driving a full- 
bridge power inverter using two sets 
of complementary outputs. Out A 
through D, the circuit controls power 
by phase-shifting outputs C and D with 
respect to A and B. The manufactur- 
er's data sheet provides a detailed 
description (Reference !)♦ However, 
when lightly loaded and configured for 
current-mode control, the controller 
can produce asymmetric-width pulses 
on its lagging outputs, C and D, under 
start-up conditions- Reference 2 pro- 
vides a complete description of the 



problem and a workaround- 

Unfortunately, the workaround 
evokes other problems when you use 
the IC in other circuit implementa- 
tions. Figure 1, from Reference 2, 
shows a partial schematic featuring the 
UCC3895 in a peak-current-mode- 
control circuit in which serves as a 
puUup resistor, providing a dc offset for 
the voltage ramp- However, for a sig- 
nificant portion of the ramp waveform, 
diode doesn't conduct and therefore 
narrows the power supply's dynamic 
range by cutting off a portion of the 
ramp voltage at IC^'s Pin 3- 

Figure 2 shows another approach that 
requires additional components but 
delivers the full magnitude of the volt- 
age ramp to Pin 3 of IC^ and provides 
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the approximately 1 V-dc offset that Ref- 
erence 1 requires- Transistors and Q^, 
resistors and R^, and LED form an 
emitter-follower amplifier for the ramp 
voltage available at IC^ Pin 7 across 
timing capacitor C^- This arrangement 
provides reliable current-mode opera- 
tion over the full range from no-load to 
full-load output current by delivering a 
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Figure 1 An added resistor, R^, helps improve light-load operation 
of a popular switched-mode power-supply controller by eliminating 
output asymmetry. 
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Figure 2 For even better performance, add a level-shifting 
amplifier to the ramp-voltage path. 
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sawtooth drive with a dc offset to IC^'s 
ramp input- Diode D^, a yellow LED, 
performs a L7V level translation with- 
out introducing any substantial signal 
loss- The component values not shown 
depend on the application.EDN 



REFERENCES 

n "UCC3895 BICMOS Advanced 
Phase Shift PWM Controller," Texas 
Instruments data sheet, http://focus. 
ti.com/doGs/prod/folders/print/ 
ucc3895.html. 



a Mappus, S, "UCC3895 
OUTC/OUTD Asymmetric Duty Cycle 
Operation," Texas Instruments Appli- 
cation Report, SLUA275, September 
2002. 



Temperature controller has 
"take-back-half" convergence 
algorithm 

W Stephen Woodward, University of North Carolina, Chapel Hill, NC 



"The unfortunate relationship 
between servo systems and 
oscillators is very apparent in thermal- 
control systems," says Linear Technol- 
ogy's Jim Williams (Reference !)♦ 
Although high-performance tempera- 
ture control looks simple in theory, it 
proves to be anything but simple in 
practice. Over the years, designers have 
devised a long laundry list of feedback 
techniques and control strategies to 
tame the dynamic-stability gremlins 
that inhabit temperature-control servo 
loops. Many of these designs integrate 
the temperature-control error term 
Tg— T in an attempt to force the con- 
trol-loop error to converge toward zero 
(Reference 2). 

One tempting and "simple" alterna- 
tive approach makes the heater power 
proportional to the integrated temper- 
ature error alone. This "straight-inte- 
gration" algorithm samples the tem- 
perature, T, and subtracts it from the 
setpoint, Tg. Then, on each cycle 
through the loop, the loop gain, F, mul- 
tiplies the difference, Tg— T, and adds 
it as a cumulative adjustment to the 
heater-power setting, H. Consequent- 
ly, H=H+FX(Tg-T). 

The resulting servo loop offers many 
desirable properties that include sim- 
plicity and zero steady-state error. 
Unfortunately, as Figure 1 shows, it 
also exhibits an undesirable property: 
an oscillation that never allows final 



convergence to Tg. Persistent oscilla- 
tion is all but inevitable because, by the 
time that the system's temperature cor- 
rects from a deviation and struggles 
back to T=Tg the heater power 
inevitably gets grossly overcorrected. In 
fact, the resulting overshoot of H is 
likely to grow as large as the original 
perturbation. Later in the cycle, H's 
opposite undershoot grows as large as 
the initial overshoot, and so on. 



Acting on intuition, you might 
attempt to fix the problem by adopting 
a better estimate of H whenever the 
system's temperature crosses the set- 
point, T=Tg). This Design Idea out- 
lines a TBH (take -back-half) method 
that takes deliberate advantage of the 
approximate equality of straight- inte- 
gration's undamped overshoots and 
undershoots. To do so, you introduce 
variable and run the modified servo 
loop, except for the instant when 
the sampled temperature, T, passes 
through the setpoint, T=Tg. When- 
ever a setpoint crossing occurs, the 
bisecting value (H+Hq)/2 replaces 
both H and H^. As a result, at each set- 
point crossing, H and are midway 
between the values corresponding to 



H + F(Ts 
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Figure 1 A simple integrating control algorithm virtually guarantees that the 
system's temperature oscillates and never converges to the setpoint temper- 
ature, Tg. 
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WORLD'S MOST ROBUST 
CAN BUS TRANSCEIVERS 

Pin-f or-Pin Replacements Reduce Total Solution Cost by 34% 
^±80V Fault and ±8kV ESD Protection Eliminate External Components 



♦ No External Components Required 

♦ Eliminates 

♦ TVSs or TransZorb®(s) 

♦ PolySwitch®Umiters 

♦ Limiting Resistors 

♦ Supply Clamps 

♦ Save 34%"^ Total Solution Cost 

♦ GIFT Qualified 




PolySwitch 
LIMITERS 




SPLIT \- ^XT^XTb 

TVSs OR TransZorb(s) 




Performance Upgrade to Competition 

Ideal for Automotive 12V/42V Mixed Voltage Systems 



Parameters 


IVIAX13050^ 


^TJA1040 


IVIAX13052^ 


^PCA82C250 


IVIAX13053^ 


^ TJA1050 


IVIAX13054^ 

^ 


^TLE6250 


Fault Protection (V) 


±80 ^ 


-27 to +40 


^8^ 


-27 to +40 


±80 ^ 


-27 to +40 


±80 ^ 


±40 


ESD Protection 
lEC Contact Discharge** 
(kV) 


±8 




±8 




±8 




±8 




Standby Current (tiA) 


11 


15 


25 


170 


12.5 


50 






Pricet ($) 


1.51 




1.51 




1.48 




1.65 





TransZorb is a registered trademark of Visliay Interteclinology, Inc. 
PolySwitcli is a registered trademark of Tyco International Ltd. 

*Eliminating these components averages $0.80 (volume of 1000 pieces), a 34% savings from typical competitive solutions at $2.31 (1000 pieces). 
**ESD per Contact Discharge Model tested by IBEE test facility. GIFT certification is available. 

t1000-up recommended resale B-grade, FOB USA. Price provided is for design guidance and is FOB USA. International prices will differ 

due to local duties, taxes, and exchange rates. Not all packages are offered in Ik increments, and some may require minimum order quantities. ^ 
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the current (H) and previous (Hq) 
crossings- This action takes back half of 
the adjustment applied to the heater 
setting between crossings- Figure 2 
shows how a simulated TBH algorithm 
forces rapid half-cycle convergence- 
Successful applications of the TBH 
algorithm range from precision tem- 
perature control of miniaturized scien- 
tific instrumentation to managing 
HVAC (heating/ventilation/air-condi- 
tioning) settings for crew rest areas in 
Boeing's 777 airliner- Experience with 
TBH applications shows that, with a 
reasonable choice for loop gain, F, the 
algorithm exhibits robust stability- 

In general, a TBH system's natural 
cycle time is proportional to the square 
root of the ratio of the thermal time 
constant to F Based on both simula- 
tions and experiments, a cycle time 
that's at least eight times longer than 




Figure 2 In this simulation, applying the "take-back-half" algorithm forces conver- 
gence to the setpoint value in a single half-cycle. 




NOTE: RsIS 10 TIMES THE THERMISTOR SETPOINT 



Figure 3 For safety, this version of a TBH heater controller features full isolation of the ac-line and control circuits. 
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NEW DUAL SCART AUDIO/VIDEO 
SWITCH INTEGRATES VIDEO FILTERS 
AND OUTPUT BUFFERS 

Eliminates Up to 31 Discrete Components and Saves Design Time 



COMPETITION REQUIRES EXTERNAL FILTERS 
AND OUTPUT BUFFERS 




SET-TOP BOX 





Improvements Over Competition 

♦ Integrated Video Filters: -35dB at 27IVIHz 

♦ Integrated Output Buffers: Drives 75 
Back-Terminated Video Loads 

♦ 3Vrms Audio Outputs Meet BSkyB, 
Canai+, and Premiere Requirements 

Additional Features 

♦ Clickless, Popless Audio Gain Control and Switching 

♦ I^C*-Programmable Audio and Video Gain 






No. of SCART 


Video Reconstruction 


Video Output 


Audio 


Fully Bidirectional 


Audio and 


Supply 


Part 


Connectors 


Filters 


Drivers 


Inputs 


I/O 


Video Gain 


Voltages (V) 


MAX4397D 


2 


Yes 


Yes 


Differential 


Yes 


Programmable 


5 and 12 


MAX4397S 


2 


Yes 


Yes 


Single-ended 


Yes 


Programmable 


5 and 12 


MAX4399 


3 


No 


Yes 


Single-ended 


Yes 


Programmable 


5 and 12 



*Purchase of I^C components from Maxim Integrated Products, Inc., or one of its sublicensed Associated Companies, conveys a license under the Philips I^C Patent Rights to use these 
components in an I^C system, provided that the system conforms to the I^C Standard Specification defined by Philips. 
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the heater-sensor time delay ensures 
convergence- Therefore, setting loop 
gain F low always achieves conver- 
gence, and the steady- state error, 
Tg— T, remains equal to zero- 
Figure 3 shows a practical example 
of a TBH controller that's suitable for 
managing large thermal loads- Ther- 
mistor RT^ senses heater temperature. 
The output of error-signal integrator 
ICg^ ramps negative when T<Tg and 
ramps positive when Tg>T, producing 
a control signal that's applied to com- 
parator IC^Q, which in turn drives a 
solid-state relay, IC3, which is rated for 
lOA loads- 



Comparator ICgj^ and the reverse- 
parallel diodes formed by the collec- 
tor-base junctions of and and 
the CMOS switches of IC^ perform 
the TBH zero-crossing convergence 
function- 
In most temperature-control circuits, 
it's advantageous to apply a reasonably 
linear feedforward term that represents 
the actual ac voltage applied to the 
heater; the need for complete galvan- 
ic isolation between the control and 
the power-handling circuits compli- 
cates this requirement- In this example, 
a linear isolation circuit comprising 
a PS2501-2 dual-LED/pho to transistor 



optoisolator (IC^^ and IC^g) and op- 
amp IC^g delivers feedback current to 
C^^ and ICg^ that's proportional to the 
averaged ac heater current- As a bonus, 
the feedback circuit provides partial 
instantaneous compensation for ac-line 
voltage fluctuations -EDN 



REFERENCES 

n Williams, Jim, Linear Applications 
Handbool<, Linear Technology, 1 990. 
a "Hybrid Digital-Analog Proportion- 
al-Integral Temperature Controller," 
www.discovercircuits.eom/C/ 
control3.htm. 



MOSFET enhances low-current 
measurennents using moving-coil meter 

Stefan Strozecki, Institute of Teleconnmunications ATR, Kaliskiego, Poland 



A previous Design Idea describes 
an interesting and useful method 
for using a moving-coil analog meter to 
measure currents in the less-than-lA 
range (Reference 1 ) - The design offers 
considerable flexibility in the choice of 
meter-movement sensitivity and meas- 
urement range and simplifies selection 
of shunt resistors- Although the design 
uses a bipolar meter-driver transistor, 
under some circumstances, a MOSFET 
transistor represents a better choice- 
The original circuit comprises a volt- 
age-controller current sink that meas- 
ures the bipolar transistor's emitter cur- 
rent, but the transistor's collector cur- 
rent drives the analog meter- A bipo- 
lar transistor's emitter and collector cur- 
rents, Ig and l^y respectively, are not 
identical because base current, I^, adds 
to the emitter current- 

You can express these current com- 
ponents as Ig=I^+Ig and then as 
I,^=Ig— Ig- Whether base current 
adversely affects the measurement 
accuracy depends on the magnitude of 
Ig and the magnitude of the common- 
emitter current gain, |3, because base 
current Ig=I(^/|3- When (3 is greater 
than 100, the base current's contribu- 



tion to emitter current is generally neg- 
ligible- However, |3 is sometimes small- 
er- For example, the general-purpose 
BC182, an NPN silicon transistor, has 
a low-current |3 of only 40 at room tem- 
perature- If you were to use a 15-mA- 
fuU-scale meter in the transistor's col- 
lector, full-scale base current Ig at min- 
imum p would amount to 0.375 mA- 



Subtracting base current from collector 
current introduces a 2-5% error- 

But if you use a moving-coil meter 
that requires 150 fxA for full-scale 
deflection, the measurement error 
increases considerably because (3 de- 
creases as collector current decreases- 
For the BC182, reducing collector cur- 
rent from a few milliamps to 200 |jlA, 
current gain decreases |3 by a factor of 
0-6 and adversely affects the meter 
reading's accuracy- 

To solve the problem and improve the 
circuit's accuracy, you can replace the 
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5V 




Qi 
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Figure 1 This updated version of an earlier Design Idea uses a MOSFET to 
drive an analog meter display, offering great flexibility in power-supply-current 
measurement. 
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WORLD'S FASTEST 12-/14-BIT 
ADC FAMILY WITH ±10V,±5V, 
AND TO 5V INPUTS 

Available in 8-/4-/2-/1 -Channel Configurations 



CONVERSION RATE PER CHANNEL 



Y POWER . 
I METERS 




ii,iyimijyilliiyMhilikMtti,U 



4 to 5V Unipolar Inputs with ±6.5V Fault Tolerance 
4 ±5V/±10V Bipolar Inputs with ±16.5V Fault Tolerance 



FREQUENCY (MHz) 

♦ +5V Analog and 2.7V to 5.25V Digital Supplies 

♦ 12-/14-Bit Parallel Interface 



Part 


Resolution 
(Bits) 


No. Of 
Channels 


Input Range 
(V) 


SNR 
(dB) 


THD 
(dBc) 


SINAD 
(dB) 


Priced ($) 


MAX1304-MAX1307 


12 


8/4/2/1 


0to5 


71 


-83 


71 


8.39/6.54/4.99/4.50 


MAX1308-MAX1311 


12 


8/4/2/1 


±5 


71 


-83 


71 


10.49/7.95/6.97/6.49 


MAX1312-MAX1315 


12 


8/4/2/1 


±10 


71 


-83 


71 


10.49/7.95/6.97/6.49 


MAX1316-MAX1319 


14 


8/4/2/1 


0to5 


77 


-90 


76.5 


15.75/11.25/10.75 


MAX1320-MAX1323 


14 


8/4/2/1 


±5 


77 


-90 


76.5 


20.25/13.50/11.97 


MAX1324-MAX1327 


14 


8/4/2/1 


±10 


77 


-90 


76.5 


20.25/13.50/11.97/10.96 



t1000-up recommended resale. Prices provided are for design guidance and are FOB USA. International prices will differ due to local duties, taxes, and exchange rates. Not all packages 
are offered in 1k increments, and some may require minimum order quantities. 
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BC182 with an N^channel MOSFET, 
such as the BSN254 (Figure 1). 
Because a MOSFET draws no gate cur- 
rent, its drain current, 1^^, equals its 
source current, Ig- When you select a 
MOSFET for the circuit, note that the 
device's gate-source threshold voltage 
should be as low as possible- For exam- 
ple, the BSN254 has a room-temper- 
ature gate-source threshold-voltage 



range of 0.8 to 2 V The remainder of the 
circuit design proceeds as in the original 
Design Idea; that is, for a maximum volt- 
age drop of IV across you calculate 



I^SENSEz as follows: Rgg^ 



= (1V/L 



where Rggj^sE is in ohms, IV represents 
the voltage drop across R^ and ^^^j^-^. 
the full-scale meter reading in amps. 
Note that a l-kH resistor at R^ develops 
lOV/lA output across sense resistor 



^SENSEr ^^^^ application, 100 mA pro- 
duces O.IV across RgE^sEi' volt- 
age across R^ thus corresponds to IV for 
full-scale deflection of the meter.EDN 



REFERENCE 

El Bilke, Kevin, "Moving-coil meter 
measures low-level currents," EDA/, 
March 3, 2005, pg 72, www.edn. 
com/article/CA505070. 



Shunt regulator serves as inexpensive 
op amp in power supplies 

Michael O'Loughlin, Texas Instruments, Nashua, NH 



Developed as a three -terminal 
shunt regulator, the popular and 
multiple-sourced TL431 IC offers de- 
signers many intriguing possibilities 
beyond its intended application. Inter- 
nally, the TL43 1 comprises a precision 
voltage reference, an operational amp- 
lifier, and a shunt transistor (Figure 
la). In a typical voltage-regulator appli- 
cation, adding two external resistors, 
and Rg, sets the shunt-regulated 
output voltage at the lower end of load 
resistor Rg (Figure lb). 

In today's power-supply market, cost 
reduction drives most designs, as evi- 
denced by Asian manufacturers that 
have resorted to shaving pennies off 
their power-supply products by using 
single-sided pc boards. This Design Idea 
shows how a three-terminal shunt reg- 




ulator can replace a more expensive 
conventional operational amplifier in 
a power-converter design. 

A switched-mode power supply uses 
a galvanically isolated feedback portion 
of a PWM circuit (Figure 2). In designs 
that omit a voltage amplifier, a shunt 
regulator can serve as an inexpensive 
op amp. Resistors R^ and R set the 
power supply's dc output voltage, and 
optocoupler IC^ provides galvanic iso- 
lation. Resistor R^ provides bias for the 
optocoupler and the TL431, IC^. 
Resistor R^ and zener diode D^ estab- 
lish a fixed bias voltage to ensure that 
bias resistor R^ does not form a feedback 
path. Resistors R^ and R^ control the 
gain across the optocoupler. In most 
designs, the ratio of R2 to R^ is rough- 
ly 10-to-l. 



Components Cp, C^, and R^ provide 
frequency compensation for the control 
loop. The optocoupler includes a high- 
frequency pole, fp, in its frequency 
response, an item that most optocou- 
plers' data sheets omit. You can use a 
network analyzer to determine the loca- 
tion of the high-frequency pole or esti- 
mate that the pole occurs at approxi- 
mately 10 kHz. The following equation 
describes the compensation network's 
small-signal transfer function: 

Gc(s)-^^- 



AVouT 

(s X Rz X Cz + 1) 



sxRi(C2 + Cp) 



S X R2 X Cp X C2 ^ ^ 



- + 1 



Note 



that, under some circum- 
stances, adding a bypass capacitor 
across diode D^ may be necessary for 
output-noise reduction.EDN 



"a 



+ 0— f-^MA- 



i 



Figure 1 Despite the block diagram, the TL431 
is internally complex (a), but you need only three 
external resistors to use the TL431 in a basic 
shunt-regulator circuit (b). 
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Figure 2 A TL431 replaces a more expensive operational amplifier in 
this power supply's PWM feedback-regulator circuit. 



96 EDN I SEPTEMBER 15, 2005 



advertisement 



( 








































J 

1 


J 


u 




/J 

»LC 



























DESIGN 
NOTES 



High Efficiency 2-Plnase Boost Converter Minimizes Input and 

Output Current Ripple - Design Note 371 
Goran Perica 



Introduction 

Many automotive and industrial applications require higher 
voltages than is available on the input power supply rail. 
A simple DC/DC boost converter suffices when the power 
levels are in the 1 0W to SOW range, but if higher power 
levels are required, the limitations of a straightforward 
boost converter become quickly apparent. Boost con- 
verters convert a low input voltage to a higher output 
voltage by processing the input current with a boost 
inductor, power switch, output diode and output capaci- 
tor. As the output power level increases, the currents in 
these components increase as well. Switching currents 



also increase proportional to the output-to-input voltage 
conversion ratio, so if the input voltage is low, the 
switching currents can overwhelm a simple boost con- 
verter and generate unacceptable EMI. 

For example, consider Figure 1 , a 1 2V input to 24V, 1 0A 
output switching converter operating at 300kHz. The 
currents processed by the converter in Figure 1 are shown 
in the first row of Table 1 , The relatively high current levels 
in the switcher are reflected in high input and output ripple 
currents, which results in increased EMI. 

XT, LTC, LT and Burst Mode are registered trademarks of Linear Technology 
Corporation. All other trademarks are the property of their respective owners. 
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Figure 1a. Single-Phase Boost Converter: Can be Used 
to Convert 12V Input to 24V, 10A Output 
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Figure lb. Single-Phase Boost 
Converter Output Voltage Ripple 



Table 1. Dual-Phase Boost Converter Has Lower Input and Output Ripple Currents and Voltages Than Single-Phase Boost 
Converter 





INPUT RMS 
CURRENT 


INPUT RIPPLE 
CURRENT 


MOSFET 
RMS DRAIN 
CURRENT 


OUTPUT 
DIODE 
RMS CURRENT 


OUTPUT 
CAPACITOR 
RMS CURRENT 


OUTPUT 
CAPACITOR 
FREQUENCY 


OUTPUT 
VOLTAGE 
RIPPLE 


SINGLE-PHASE 

BOOST 
CONVERTER 


21.1A 


4.2Ap.p 


15.4A 


14.4A 


10.5A 


300kHz 


212mV 


DUAL-PHASE 

BOOST 
CONVERTER 


20.7A 


0.17Ap.p 


2 X 7.4A 


2 X 7.2A 


1.9A 


600kHz 


65mV 
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The circuit shown in Figure 2 performs the same DC/DC 
conversion, but with greatly reduced input and output 
ripple, significantly reducing EMI, and at a higher effec- 
tive switching frequency, which allows the use of two 
22|iF output capacitors versus six 22|iF output capacitors 
required in Figure 1. 

The trick is the 2-phase boost topology, which interleaves 
two 180° out-of-phase output channels to mutually can- 
cel out input and output ripple current— the results are 
shown in the second row of Table 1 . Each phase operates 
at 50% duty cycle and the rectified output currents from 
each phase flow directly to the load— namely the low 
inductor ripple current— so only a small amount of output 
current (shown in Table 1) is handled by the output 
capacitors. 

The centerpiece of the design in Figure 2 is the LT®3782 
2-phase current mode PWM controller. Current mode 
operation ensures balanced current sharing between the 
two power converters resulting in even power dissipation 
between the power stages. 

The efficiency of the dual-phase converter, shown in 
Figure 3, is high enough that it can be built entirely with 
surface mount components— no need for heat sinks. In a 



240W boost supply application, the power dissipation of 
1 2.9W is relatively easy to manage in a well laid out, large 
multilayer PCB with some forced airflow. 

Conclusion 

The simple LT3782 dual-phase switching boost converter 
improves on single-phase alternatives by allowing high 
power output with lower ripple currents, reduced heat 
dissipation and a more compact design. 
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Figure 3. 12V Input to 24V Output Dual-Phase 
Boost Converter Efficiency 
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Figure 2b. Dual-Phase Boost 
Converter Output Voltage Ripple 



Figure 2a. Dual-Phase Boost Converter Reduces EMI and Ripple 
Currents with a Minimum Input and Output Filtering 
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What you design is your business. Adding distributed control through- 
out your application is ours. Our LonWorks® platform is a worldwide 
standard for networking anything you want to control — pumps, 
motors, valves, fans— even a remote-controlled window washer. Add 
networking features to your products and watch them deliver more 
than you thought possible. Start today with our NodeBuilder® develop- 
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ODEL-BASED DESIGN. 



After simulating tine final descent 
of the Mars Rovers under thousands 
of atmospheric disturbances, the 
engineering team developed and 
verified a fully redundant retro 
firing system to ensure a safe 
touchdown. The result — two 
successful autonomous landings 
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Unit features high-speed electron detection 

□ The H8770 electron-detection unit incorporates a fast-decay phosphor and 
highly sensitive compact PMT (photomultiplier tube). For design into semi- 
conductor- inspection systems and scanning electron microscopes, the unit has a phos- 
phor decay time of 23 nsec, a gain range of 1 X 10^ to 1 X 10^, a typical noise level of 
20 mV, and a detectable input-electron energy range of 5 to 12 keV Features include 
a built-in PMT power supply, a high- voltage power supply, a voltage-divider circuit, 
and a high-speed amplifier with a bandwidth of 150 MHz. The H8770 electron-detec- 
tion unit costs $8768 (small quantities). 
Hamamatsu Corp, www.hamamatsu.com 



Noncontact rotary- 
position sensor enables 
custom output curve 

Providing 360° absolute- angle 
measurements, the noncontacting 
RSC3700 rotary-sensor family features 
12-bit resolution. Incorporating a micro- 
processor en- 
ables designers 
to preprogram 
a custom out- 
put-character- 
istic curve into 
the sensor for specific applications. Pro- 
duct specifications include ±0.09° reso- 




lution, ±0.1% linearity, less than 0.15% 
repeatability, and a 1-kHz sample rate. 
The output interfaces include ranges of 4 
to 20 mA, to lOV, or 0.5 to 4-5V ana- 
log and a digital PWM. The sensor refers 
measurements to a mechanical index 
point, allowing retention of position for 
power failures. 

Novotechnik, www.novotechnik.com 



Sensor series measures 
barometric pressure 

The MS5534B series of piezoresis- 
tive pressure sensors includes an 



ADC- interface IC and six readable coef- 
ficients for highly accurate software cali- 
bration. The sensors communicate with 
a microcontroller through a three-wire 
interface. The sensor measures from to 
1 100 mbar (0 to 1 10 kPa), has a temper- 
ature range of —40 to +125°C, and has 
a power-supply requirement of 2.2 to 3.6V. 
In a 9x9-mm2 package, the MS5534B 
costs $15 (1000). 
Servoflo, www.servoflo.com 

Programmable sensor- 
interface IC targets 
automotive applications 

□ Targeting use in resistive-bridge 
sensors, including pressure trans- 
ducers, strain gauges, and position sensors, 
the MLX90320 calibrates the sensor out- 
put by nulling the offset voltage and 
applying the appropriate signal gain to 
calibrate the output-voltage span 
between and 5 V. An on-chip EEPROM 
stores digital coefficients that determine 
digital-calibration parameters. For accu- 
rate calibration, both gain and offset have 
coarse and fine DACs. 
Melexis, www.melexis.com 

Proximity sensor 
targets automatic 
plumbing fixtures 

□ Able to detect the presence of 
objects from a distance of 0.04 to 
24 in. by means of a reflective sensor, the 
OPB720 series optical-proximity sensor 
features a synchronized infrared LED and 
photosensor. It can switch from high 
level with no reflection target to low 
level with reflection. The series suits 
automatic plumbing fixtures, using a dc 
current of 50 mA with power dissipation 
of 300 mW. Measuring 1.1X0.68X0.33 
in., the OPB720 series costs $31.05 
(1000). 

Optek Inc, www.optekinc.com 
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Sensor ICs have low 
power consumption 

□ Accuracy levels of the high-preci- 
sion TSIC (temperature-sensor- 
IC) family are ±0.5, ±03, and ±OJ°C. 
Power consumption for the sensors is 45 
|jlA with a supply voltage of 2.973 to 
5.5V Packages include SOP^S and TO^ 
92 compliant, measuring 1.6X1.5 mm. 
ZMD America, www.zmda.com 



Single-axis tilt sensor 
targets high-accuracy 
applications 

□ The single-axis output elec- 
tro lytic tilt sensor features a ±30- 
arc minimum-angle range, less than 
0.05 -arc/sec resolution, and less than 
0.5 -arc/sec null repeatability. Also re- 
ferred to as a precision contact level, the 
device has a hermetic glass-to-metal 




construction with platinum electrodes, 
suited for high-accuracy and linear-out- 
put applications. 
Fredericks Co, www.fredericks 
com.com 



M ICROPROCESSORS 



Reconfigurable 
processor adds DSP 
for wireless applications 

□ The STW22000 multipurpose -mi- 
crocontroller family now includes a 
600-MHz, 16/32-bit dual-MAC (multiply- 
accumulate)-unit DSP core. The device 



comprises a 300-MHz ARM926EJ-S RISC 
core, 16 Mbytes of embedded DRAM, and 
an eFPGA (embedded field-programma- 
ble-gate-array) block. The microcon- 
troller also features an embedded, dedi- 
cated convolutional decoder engine and a 
set of embedded DSP-core developmental 
tools for performance evaluation and on- 



chip application-code development, de- 
bugging, and integration in an ARM/DSP 
environment, allowing multicore-devel- 
opment and debugging. The STW22000 
comes with a board-support package sup- 
porting multiple OS implementations, as 
well as additional software elements 
available through the ST 122 DSP core. 
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austriamicrosystems 



Visit www.austriamicrosystems.com for our full 
portfolio of High Performance Analog solutions. 
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Request samples at www.futureelectronics.com 



1 SOmV drop out voltage for direct 
connection to Li-ion batteries 
Up to 80mA per LED (AS1101) 
Up to 40mA per LED (AS1 1 02/03/04) 
Analog and PWM brightness control 
1|jA shutdown-current 
Space saving lead-free SC70-6 
or MSOP-8 package 



AS1 1 01 , AS1 1 02, AS1 1 03 and AS1 1 04 give you the choice 
to support two, three or four LEDs. 

The AS1 1 0x LED Driver family is ideal for use in key board- 
and display-backlights of mobile devices, white LED torches 
and LED displays. 

austriamicrosystems 
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Playing a major part in the next generation 

of communications. 




Through advancing a diverse range of technologies for the fast-paced 
communications and broadcasting fields, 
ALPS is helping turn the dream of a comprehensive multimedia society into a reality. 
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Components for 
optical communications 




Bluetooth™ module 



Built-in demodulator tuner for 
digital terrestrial broadcasting 



Optical communication lenses 



Bluetooth™ is a trademark owned by Telefonaktiebolaget L M Ericsson, Sweden and licensed to ALPS ELECTRIC CO., LTD. 

Visit our Web site for more details: http://www.alps.com 
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The STW22000 costs $30. 
STMicroelectronics, www.st.com 

Multimedia processor 
has on-chip IPU 




Based on the ARMl 1 platform, the 
532-MHz i.MX31 and i.MX31L 



high-performance multimedia processors 
include power, security, and digital-rights 
management; image-processing technol- 
ogy; and a vector floating-point coproce- 
ssor and L2 cache- Additional features in- 
clude a 6x5 Smart Speed crossbar switch, 
an on-chip IPU (image-processing unit) 
delivering 30-frame/sec VGA-video 
quality, a high-speed USB On the Go 



port, a high-speed USB host, and a full- 
speed USB host- Samples of the proces- 
sors are now available. 
Freescale Semiconductor, www. 
freescale.com 

Microcontroller families 
are ROHS-compliant 

□ The lead-free Versa microcon- 
troller family includes the VRSl- 
XXX series, the VRS5xx series, the VRS- 
700, and the VRS900, all available in 
PLCC-44, QFP-44, and DIP-40 packages. 
The VRSlxxx series includes 64 or 128 
kbytes of flash memory, 1 kbyte of RAM, 
and in-system/in-application-program- 
ming capabilities- The VRS5xx series 
comes with 4, 8, 16, or 64 kbytes of flash 
memory and 128 bytes, 256 bytes, 1 kbyte, 
or 4 kbytes of RAM, and the VRS700 
comes with 64 kbytes of flash and 4 kbytes 
of RAM. The VRS900 mixed-signal unit 
comes with 8 kbytes of flash; 256 bytes of 
RAM; a four-channel, 8-bit ADC; and a 
H-segment LCD driver. All the vendor's 
flash 805 1 -based microcontrollers comply 
with ROHS (reduction-of-hazardous- 
substances) standards. 
Goal Semiconductor, www.goalsemi. 
com 

8-bit microcontroller 
has increased 
functions at low cost 

□ Part of the 8-bit MC68HC08 Q 
family, the MC908QB8 has a 10- 
bit ADC; an ESCI (enhanced serial-com- 
munications interface); an SPI (serial- 
peripheral interface); and four program- 
mable, 16-bit timer channels- Ad- 
ditional features of the MC908QB8 in- 
clude 8 kbytes of flash memory; an inter- 
nal clock oscillator; 13 bidirectional I/O 
lines; and SOIC-16-, TSSOP-16-, and 
PDIP-16-package options- A compli- 
mentary customized edition of Code 
Warrior development studio for the MC- 
908QB8 provides editing, compiling, and 
debugging applications for programs as 
large as 16 kbytes. The MC908QB8 costs 
$L48 (10,000). 

Freescale Semiconductor, www. 
freescale.com 
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• Fourslides • Wireforming • CAD/CAIVI 

• High Speed Blanking • In-die Tapping 

Keystone is fully integrated to meet your total design and 
production needs. We manufacture precision stampings, 
competitively priced, in metallic or non-metallic materials 
for all industries, in short and long runs. Secondary opera- 
tions include Tapping and Assembly. Finishing Services are 
available. View our plant on the web! 



ISO 9001 CERTIFIED MANUFACTURER 




Tel: (718) 956-8900 • (800)221-5510 • Fax: (71 8) 956-9040 
Web: www.keyelco.com • e-mail: kec@keyelco.com 
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HOLTEK 

k. LULU iu.holtek.com 



HT48EXX 



Universal Multi-ProgrammdaieMCUs for 

Intelligent Control 

• Superior Price/Function Ratio 

• Industrial Specifications: -40°C ~+85°C 

• High noise immunity and ESD protection 

• Internal Data EEPROM 

• Wide Operating Voltage: 2.2 ~ 5.5V 

• Up to 56 I/O lines 

• Compatible with OTP/Mask type devices 
(HT48E06 excepted) 





Single pack development kit to get beginners up and 
running with Holtek devices asap! 



Part No. 


Program 


Data Memory 


Data EEPROM 


I/O 


Timer 


Interrupt 


Pins 


HT48E06 


1Kx14 


64x8 


128x8 


13 


8bitx1 


2 


18/20 


HT48E10 


1Kx14 


64x8 


128x8 


19 


8bitx1 


2 


24 


HT48E30 


2Kx14 


96x8 


128x8 


23 


8bitx1 


2 


24/28 


HT48E50 


4Kx15 


160x8 


256x8 


33 


8bitx1,16bitx1 


3 


28/48 


HT48E70 


8Kx16 


224x8 


256x8 


56 


16bitx2 


3 


48/64 



New range of development 
tools and volume 
production type OTP 
writers now available ! 



w dJM mi €mmia (mmmmr ©fe (^]^ m HWUMM)^ ^MmuM miss ^iWMW 



1 




USA Sales Office '■ Holmate Semiconductor, Inc. 

46712 Fremont Blvd., Fremont, CA 94538 Tel: (510) 252-9880 Fax: (510) 252-9885 
www.holmate.com 
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Front Panel Express Lie 


107 



You won't find any 



in our S62's PCB prototyping capabilities 



Unless you're looking for plated through-holes — then you're in luck 



Imagine, a benchtop PCB milling machine 
that does everything your board house can 
do, and is as easy to use as your laser printer. 




Introducing the new ProtoMat S62, a robust 
machine that will produce any of your circuit 
ideas — even plated through holes — right 
at your side. Just send it any CAD/CAM file 
and this quiet device will produce a perfect 
prototype in minutes. 

• Affordable, entry-level price tag 

• The best milling speed, resolution, and 
accuracy in the industry 

• Single-sided, double-sided, and multilayered 
machining without hazardous chemicals 

• Automatically changes tools, and doesn't 
require a compressed air supply 

• Optional vacuum table and front-to-back 
alignment camera 



See a free Webcast anytime at 

www.lpkfusa.com 



LPKF ProtoMat® S62 



® 



Laser & Electronics 

North America 1-800-345-LPKFToll Free 
UK & Ireland +44-1344-455046 
Germany -^49-5131-7095-0 
France -1-33-1-60 86 16 23 
AUS & NZ +61-2-9793-9542 
Israel +972-3-9025555 
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product" 

This advertising is for new and ci 



Front Panels? 

Download the free Front Panel Designer 
to design your front panels in minutes ... 



I 



mart 





Low Cost 
Data 
Acquisition 
Starter 
Kit 



Starting at 

$24.95 

RS'232f USB, or Ethernet Interfaces 

Hardware, software, cable, and 
screwdriver included - Everything 
you need to start acquiring data. 

DATAa 

INSTRUMENTS 



www.dataq.com/ednp 




. and order your front panels online 
and receive them just in time 



Unrivaled in price and 

quality for small orders 



www.frontpanelexpress.com 



#HnP™ standalone^ 
tUCt, Vision System ^JT^ 

OEMI $79 ■3|-..r^.,v:.. 




640x480 Image Sensor, Color/BW, 4x3", C/C++ 
Programmable x86, CompactFlash FAT, Ethernet TCP/IP, 
RS232/485, RTC, TTL 

rmmrn 

Machine vision; ID mark check; Pattern recognition; 
Industrial process control; Motion position detection; 
Security monitoring; image acquisition and recording. 



50+ Low Cost Controllers with ADC, DAC, solenoid drivers, 
relays, file system with CompactFlash, LCD, DSP motion control, 
18 UARTs, 300 l/Os. Custom board design. Save time and money. 



'fh 



1724 Picasso Ave., Suite A 
Davis, CA 95616 USA 



TppiVf Tel:530-758-0180 • Fax:530-758-0181 



Internet Modem 



YOUR 




PRODUCT 



PC or i j^^ C^^\W 

MACHINE INTERNET j 

Diagnostic/Alarm/Monitoring 

• Send/Receive data via email or hosted web page 

• Uses no CPU/software overhead with existing designs 
•SMTP/POPS enabled 

• PC compatible email 

• Send messages on alarm condition 

• Internet transfer to voice/data/fax using low cost ISP 

• Operates independent of your system application CPU 

• 2400 to 56k bps data transfer, unlimited messages 

• Evaluation kits available from $159.95 

www.cermetek.com 

Tel: 800-882-6271 
Sunnyvale, CA USA 




J Probes & Tl^st Leads 

Test Leads 
Differential Probes 
Oscilloscope probes 





m 



EASY ON-LINE ORDERING 

24 HOUR SHIPPING 
^www.probemaster.com 

Call for free Catalog 
800-772-1519 

El Cajon, Ca USA 




□iaiView 




1DD MHz 
18 Channels 



only $49g.aO 

Call: 972-272-9392 sales@tech-tools.com 

www.tEch-taal5.cam 



HIGH PERFORMANCE 
ADAPTERS & SOCKETS 




Package Converters SOIC/DIP, 
BGA/QFP, More 

10 GHz Bandwidth BGA and MLF 

Sockets up to 35W 

Adapters for probing/test/prototype/ 

programming 

Fast-Turn Complex Custom Adapters 
High Volume Production Adapters-BGA, 
QFP 

SMT Package Emulation/Interconnect 
|Tel: (800) 404-0204 • Fax: (651) 452-8400 
www.ironwoodelectronics.com 



To advertise in Product Mart, call Dara Juknavorian at 888-248-7324 
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ANTARIS®4 is the new GPS 

engine that enables USB con- 
nectivity, lower power and 
smaller sizes while providing 
exceptionally high sensitivity. 

4 size 

40% reduced module size 

4 efficency 

40% less power consumption 

4 connectivity 

USB port 

4 cost-optimization 

w chip packaging options 

Move 4 ward 
'ubfox 

www.u-blox.com 
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Sixth Edition 



RS 

2005 



Reed Electronics Group 
Presents the Leaders 
in Electronics. 



Sponsor partners thus far: 

ANALOG 
I DEVICES 



fAVNET 

electronics marketing 



F=/\IRCHII-D 



EMICONDUCTOR^ 



Infineon 

chnologie 



NATIONAL 
INSTRUMENTS 



HIGH PERFORMANCE ANALOG 



PMC-SIERRA 



Reed Electronics Group is the largest and most diverse organization in the world devoted to gathering and distributing 
information for the global electronics industry. Reed Electronics Group is part of Reed Elsevier pic group (NYSE: RUK and 
ENL), a world-leading publisher, trade-show producer, and information provider in print and online, with over 38,000 
employees worldwide, operating in the science and medical, legal, education, and business-to-business industry sectors. 

www.reed-electronics.com/moversandshakers 



COMING NOVEMBER 2005 



realitycheck 



YESTERDAY'S HYPE MEETS TODAY'S REALITY 




STATS 3 million/week shipments by mid-2004 5 million/week by mid-2005 SIG has 3400 members 




Bluetooth ramps slowly, then soars 



^ 1 Bluetooth's developers began work on the technology in 1 995. They intended that 

^ Bluetooth become a replacement for short-distance, moderate-bandwidth links, such as 
between PCs and peripherals or music players and headsets. When the Bluetooth SIG (Special 
Interest Group) formed in 1998, major industry players Ericsson, IBM, Intel, Nokia, Toshiba, 
Microsoft, and Motorola joined the effort, culminating in the emergence in 1999 of Version 1.0A of 
the specification. Promoters and analysts expected fast adoption and quick, wide availability of end 
products. Although the first retail products did appear in 2001 , their emergence was just a trickle, 
due to revisions in the specification; interoperability security and verification issues; challenges in 
developing the requisite ICs; complexity of the protocol and stack; and end-user unfamiliarity 

However, by the summer of 2004, shipments of Bluetooth chip sets reached 3 million per week, 
up from 2 million just a few months earlier, and, by mid-2005, they reached 5 million per week, 
corresponding to an estimated IC revenue of $1 billion for the year. Analysts say that most 
Bluetooth applications are for wireless headsets in mobile phones, other portable devices, and 
automotive applications. The Bluetooth SIG now has more than 3400 members; chip-set prices 
have dropped to approximately $5.-by Bill Schweber 
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Bluetooth™ 



Delivering tlie latest witli the greatest. 

Turn to Mouser for more selection of embedded technology products than any other catalog distributor in the 
industry. Whatever your embedded needs, we've got the product solution for your design. For more information on 
all our embedded products, visit mouser.com. 



SEMICONDUCTORS I PASSIVES I INTERCONNECTS I POWER I ELECTROMECHANICAL I TEST, TOOLS & SUPPLIES 



New Products 

New Technologies 

New Suppliers 

New Catalog Every 90 Daysl 



MOUSER 

ELECTRONICS 



a tti company 



(800) 346-6873 
www.mouser.com 



Mouser® and Mouser Electronics® are trademarks of Mouser Electronics, Inc. 




STR7 ARM -based 32-bit Flash MCU with USB 
and CAN gives you control over power and 
performance and brings innovation to your design 



Innovative products for multi-segment application systems 




With STR7 ARM7TDMI MCU, designing versatile products like card 
payment terminals is easy. STR7 family offers a large choice 
of memory, packages and peripherals. Extensive application 
support (application notes and software libraries including 
USB) makes design even easier 



Key Benefits 

Future-proof 32-bit ARM-based microcontrollers 
Largest choice of peripherals and interfaces, including 
USB and CAN 

Flexible power and clock managennent with two 
independently clocked APB peripheral buses 
High-quality embedded Flash (20 years' retention) 
Extensive software and easy-to-use evaluation kits 



Key Applications 

POS: Secure card reader, receipt printer, bill validation 
USB devices: Security token, card reader 
Industrial: Factory automation, circuit breaker, industrial 
network, PLC 

HVAC and Building: Fire, access and security, alarm system, 
power meter 

Medical: Patient monitoring, diagnostic systems 
Appliances: Washer and dryer, dishwasher 
Others: Hands-free car kit, electric wheelchair, cellular phone 
base station 



For full documentation, developer kits, software 
and user forums, visit WWW.St.COm/mCU 



" ARM is a trademark of STMicroelectronics 
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